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CHAPTER I 
Introdactlon 

The combined action of many different genes, as essential in all enkaryotic 
differentiation processes, remains an uncomprehended phenomenon in 
modern molecular genetics. Probably most genes involved in a developmen-
tal pathway are scattered over the entire genome. Regulation mechanisms 
must be adapted to such a genomic distribution of genes which must be 
coordlnately regulated since the structural state of chromatin in the envi-
ronment of a gene has important implications for the regulatory accessi-
bility of genes. Incompatibilities with the requirements of gene activation 
lead to Inactivity of the respective gene as Is well known from the pheno-
menon of position effect variegation. 
Sperm development in Drosophlla is a cytologically and ultrastructural-
ly well defined process. It is also accessible to genetic analysis and repre-
sents therefore a suitable model system for studying gene regulation 
processes related to eukaryotic cellular differentiation. 
Description of spermatogenesis in Drosophlla 
The spermatogonia, which reside in the apex of the testis tube, pass 
through a species-specific number of mitotic divisions. Then they stop 
proliferation and differentiate into primary spermatocytes. After a growth 
phase the cells divide, in the first melotic division, to produce secondary 
spermatocytes. By the second melotic division spermatids are formed which 
subsequently undergo the morphogenetic process leading to a mature 
spermatozoon. This process is typically characterized by the successive 
stages of elongation, individualization and coiling (Fig. 1). 
Spermatogenesis of Drosophlla has for D. melanogaster been reviewed 
in detail by Lindsley and Tokuyasu (1980) and for D. hydei by Grond (1984), 
based on his ultrastructural studies. A comparative description of the 
development in both species has recently been published by Hackstein 
(1987). 
While the fundamental structural events during spermiogenesis are 
well known in Drosophlla, our insight at the molecular level is almost 
absent. Few data refer to the metabolic activity (Fig. 1). RNA synthesis Is 
restricted to the premeiotlc period and the first meiotic prophase where it 
reaches its highest activity. Protein synthesis, on the other hand, is also 
post-melotlcally taking place (Hennig 1967). This Implicates the presence of 
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РІВ. 1 a-f. Schematic and photographic presentation of the spermatogenesis 
of £>. hydei. Spermatogenesis in D. mclanogaster is rather similar, but 
differs -with respect t o the number of germ ce l l s per cyst and the time 
scale. The upper scale indicates the timing of spermatogenesis after Hennlg 
(1967). Below the t ime scale, prominent s tages of spermatogenesis are 
indicated schematically and, sti l l lower, by photographs: a spermatogonia; 
the nucleolus associated with partially condensed chromatin floats free in 
the nucleoplasm. Ь Several cys ts 'with primary spermatocytes; the nucleolus 
is attached t o the nuclear membrane: the number of primary spermatocytes 
per cyst is variable. A higher magnification photograph of a primary sper­
matocyte Is shown in Figure 2. α First meiotlc division: -within the nucleus, 
residues of the lampbrush loops are visible. A layer of mitochondria (Mi) 
surrounds the nucleus, d Detail of a young spermatid, onion-nebenkern 
stage. The round nucleus contains one large refractive body, surrounded by 
smaller spheres, e Elongating spermatid with splndle-like nucleus; the 
nucleus no longer contains any refractive material, f Coiled spermatozoa 
after individualization. They are stil l associated in bundles and their heads 
are attached t o the head cyst cel l . N nucleus; NK nebenkern derivatives; 
Hoc head cyst cell; Ml mitochondria: A aster. Bars represent ΙΟ μηι in a, c, 
d, e, and SO μτη In b and f; a, d, e phase-contrast, b, c, f interference-con­
trast. Photography by W KUhtreiber, C. Grond, and W. Hennlg. (Prom 
Hennlg 1987) 
12 Chapter I 
stable messenger RNA fractions until advanced stages of spermatid elonga­
tion. The large contribution to the RNA fraction in testes by primary sper­
matocytes is not only reflected by the high activity of RNA synthesis but 
also by the extended length of this stage which may include as much as 
one quarter of the entire spermatogenesis. It can be fairly concluded that 
the majority of the genetic information required for the postmeiotic deve­
lopment is made available at that stage. This separation of transcription 
and morphologically cellular differentiation is a property different from 
developmental processes in most somatic tissues. It seems therefore pos­
sible that molecular processes not as evident in somatic cell differentiation 
characterize the development of the male germ cell. 
Drosophila provides an exceptional opportunity to approach the genetic 
system responsible for sperm development due to the fact that some genes 
required for this process reside on the Y chromosome. This chromosome 
appears not to be functional nor required In somatic cells as X/0 males 
are phenotypically not different from wild-type males if one neglects their 
sterility. The genetic inactivity of the Y chromosome in somatic cells had 
already been concluded on basis of cytological studies. Heitz (1933) descri­
bed it as a typically heterochromatic component of the genome in somatic 
cells. Its genetic Importance for the male fertility and sperm development 
was already known since Bridges (1916) observed that X/0 males are sterile. 
This agrees with those observations showing that the Y chromosomal 
fertility genes are transcriptionally active only in the primary spermato­
cyte stage (Hennig 1967; Ayles et al. 1973; Leoncini 1977). 
The knowledge of the molecular function of the У chromosomal fertili­
ty genes would advance our knowledge on this developmental process. 
However, it has proven to be difficult to isolate Y chromosomal genes or 
their products by conventional biochemical techniques. As described in this 
thesis, we have made substantial progress in this respect by applying 
microtechniques to the isolation of the Y chromosomal genes. The subject 
of this thesis will therefore be largely related to fundamental questions of 
the organization of these genes and to their relationship to genome organi­
zation. 
In my further considerations on spermatogenesis I shall confine myself 
to the Y chromosome of Drosophila which is Indispensable for the morpho-
genetic development of fertile sperm. 
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Ив. 2 «-о. Primary spermatocyte nucleus of D. hydel. л phase-contrast; b 
diagram; α single Y chromatid with the lampbrush loops and the genetic 
map of the male-fertility genes A-Q. a and b show the five large lamp-
brush loops (Ns nooses ; CI clubs; Tr tubular ribbons: Ps pseudonucleolus; 
Th threads; Co cones; d distal; ρ proximal) and the nucleolus (Nu, c lose ly 
attached t o the nuclear membrane). The loops are present as pairs, since 
the primary spermatocyte s tage represents a melotlc prophase with a 4C 
DNA content. In α a single У chromatid is shown schematically; it repre­
sents an open-chain model since there are no indications for a chromome-
ric organization of the У chromosome in the primary spermatocyte. The 
correlation between the lampbrush loops and the genetic complementation 
groups is indicated. Bar represents ΙΟ μηι. (Hackstein et al. 1982) 
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The Y chromosome of Drosophila 
Drosophila has a dlplogenotyplc sex determination system. It has one pair 
of heterosomes, the X chromosome and the Y chromosome. Females are 
the homogametic sex (XX), males the heterogametic sex (XY). Although 
the Y chromosome carries 9.5X of the genomic DNA In D. hydei (Zacharias 
et al. 1962) and 12% In D. melanogaster (Pimpinelli et al. 1976), its fonction 
Is limited to the male germ line. In D. melanogaster as well as in D. hydei 
only a limited number of complementation groups could be localized on 
the У chromosome. Since these complementation groups are Indispensable 
for male fertility they are usually referred to as 'fertility genes' or 'fertility 
factors'. Besides those, two clusters of rDNA repeats reside In the Y chro­
mosome of D. hydei, one at each end of the chromosome. These rDNA 
genes seem not to be essential for spermatogenesis. 
The Initiation of the transcriptional activity of the Y chromosome 
during the first meiotic prophase Is accompanied by chromatin decondensa­
tion and the development of large lampbrush loop-like structures in the 
primary spermatocyte nucleus. Most prominent loop structures can be 
observed in D. hydei and some related species of the repleta group. 
In D. hydei five loops have been characterized (Hess 1965). They can be 
correlated with one of the complementation groups each (Fig. 2) (Hackstein 
et al. 1982). Electron microscopy has shown that the transcripts in each of 
these lampbrush loops assume enormous lengths, indicating an exceptio­
nal physical size of these genes (Grond et al. 1983; de Loos et al. 1984). 
Although in D. melanogaster the lampbrush loop structures are much less 
pronounced, the Y chromosomal fertility genes of this species are suspec­
ted to encompass large sections of the Y chromosome too (Gatti and 
Pimpinelli 1983). 
Most of the research during the last years has been directed to the Y 
chromosome of D. hydei since its lampbrush loop size and morphology 
provides unique conditions for more detailed investigation. In spite of this 
work their biological function has still not been resolved. The effects of 
mutations in these genes are largely quantitative in nature (see Goldstein 
et al. 1982; Hulsebos et al. 1983). Although a protein coding gene function 
cannot yet be excluded, no proteins encoded by Y chromosomal genes have 
yet been identified (see Hennig 1985, 1987; Hennlg et al. 1987). It is remar­
kable that the morphological differentiation of spermatids in males with a 
partially deficient У chromosome or even in X/0 males can proceed far, 
although the ultrastructural organization becomes increasingly abnormal 
(Meyer 1968). Motile and fertile sperm has, however, never been observed 
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without a complete Y chromosome, although the major structural compo­
nents of sperm are found in most of the У chromosomal mutants. 
From these observations one might conclude that the У chromosomal 
genes play a regulative role rather than coding for major structural compo­
nents of the sperm. Since normal morphology of the lampbrush loops is an 
indispensable prerequisite for correct termination of spermatogenesis, the 
central Involvement of these structures in the developmental process can 
be assumed. It has been suggested that the accumulation of specific nucle­
ar protein in the nuclear compartment through binding to У chromosomal 
transcripts is an intriguing possibility to understand У chromosome func­
tion (see Hennlg 1985; Hennig et al. 1987). 
The У chromosome of D. hydei contains 40,000 kbp per chromatid. 
This DNA consists mainly of middle-repetitive DNA fractions (Hennig 1972; 
Renkawltz 1978, 1979) and differs in this respect from D. melanogaster, 
where highly repetitive DNA accounts for approximately 70% of the length 
of the Y chromosome (Peacock et al. 1978; Appels and Peacock 1978; Stef-
fensen et al. 1981). 
A more specific classification of У chromosomal repetitive DNA se­
quences can be made on the basis of their genomic distribution (Vogt and 
Hennig 1983). A first class of sequences Is found solely on the У chromo­
some and has consequently been called У-specific class. A second class of 
DNA sequences is not restricted to the У chromosome but occurs with the 
majority of the members of a particular family of repeated DNA sequences 
in other genomic positions. It was therefore called У-associated class. 
Both classes of DNA have particular properties with respect to copy num­
ber, the repeat length and the evolutionary conservation as well éis the 
pattern of transcription. Whether these characteristic differences are a 
reflection of different biological functions or simply of the evolutionary 
age will be discussed In a subsequent chapter of this thesis. 
Introduction to the thesis 
Successful molecular cloning and identification of У chromosomal DNA of 
D. hydei has recently been reported by different groups. Their methodolo­
gical strategies, as differential screening (Lifschytz 1979; Vogt et al. 1982) 
and DNA enrichment by selective hybridization (Awgulewitsch and Biine-
mann 1986) are highly selective against the class of У-associated DNA 
sequences. This Is an Important shortcoming since this class of DNA makes 
an important contribution to the У chromosomal DNA (cf. Vogt and Hennig 
1983; Smith and Thomas 1981; this thesis). 
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The method of mlcrocloning, developed by Scalenghe et al. (1981) provi­
ded a unique opportunity to directly isolate active У chromosomal genes 
from primary spermatocytes since It avoids the shortcoming of selective 
screening. In chapter II of this thesis the isolation of DNA from the lamp-
brush loops 'threads' by mlcrocloning is described. Since the expression of 
locus A, correlated with the 'threads', seems connected to the expression 
of locus C, which is correlated to the lampbrush loop 'pseudonucleolus', 
(Hackstein et al. 1982; Hackstein et al. in preparation; Hackstein 1985), we 
applied the technique to this loop too (chapter III). In both chapters, a 
general characterization of recombinant DNA clones obtained in these 
mlcrocloning experiments is given. 
We selected three families of repeated DNA sequences from these 
different clone banks and studied them in detail. Their analysis is contai­
ned in chapters IV - VIII. In Chapter IX the general implications of the 
data on these families of repeated DNA sequences are discussed. 
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CHAPTER II 
Molecular cloning of microdlssected lampbrash loop DMA sequences 
of Drosophila hydel 
Wolfgang Hennig, Peter Hnijser, Peter Vogt, 
Herbert Jackie and Jan-Erik Edström 
This chapter is pabllshed In: 
The EMBO Journal 2:1741-1746 (1983) 
Abstract. We mlcrodlssected а У chromosomal lampbrush loop pair from 
primary spermatocyte nuclei of Drosophila hydei and cloned the DNA di­
rectly at the microscale. Four of the 12 recombinant DNA clones recovered 
display In situ hybridization to mitotic metaphase У chromosomes, prefe­
rentially in the chromosomal region identified as the origin of the lamp-
brush loop pair. All clones, however, also hybridize to autosomal and X 
chromosomal loci In polytene chromosomes. У chromosomal DNA sequen­
ces of D. hydei again prove to be members of different families of repeated 
sequences distributed throughout the genome. These microcloning experi­
ments, which were carried out under very unfavourable experimental condi­
tions (low DNA content of the lampbrush loops in the presence of large 
amounts of RNA) prove that almost any chromosomal structure detected 
by light microscopy is directly accessible to molecular cloning experiments 
by micromethods. 
Introduction 
The molecular analysis of У chromosomal DNA sequences In Drosophila 
has so far suffered from difficulties In recovering У chromosome-associa­
ted DNA (see Vogt and Hennig 1983). These difficulties arise from the 
repetitive nature of probably most of the У chromosomal DNA sequences, 
which are not restricted to the У chromosome but share homologies with 
other sites throughout the genome (Vogt and Hennig 1983). This leads not 
only to difficulties In recovering У-assoclated sequences per se, but also to 
difficulties in establishing their true chromosomal origin from the У chro­
mosome or from other chromosomes. 
Our primary Interest was focussed on sequences which derive from the 
large У chromosomal lampbrush loops in primary spermatocytes of D. 
hydei (Meyer 1963). Since no У chromosome-specific probes are available 
for screening recombinant clone banks of D. hydei, we used the microclo­
ning technique developed by Scalenghe et al. (1981) to dissect and then 
directly clone sequences from lampbrush loops of the У chromosome. 
Originally this technique was applied to polytene chromosomes which 
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contain several thousand identical copies of the DNA within a single chro­
mosome band. In contrast, the Y chromosome of Drosophila does not 
become polytene. Consequently, diploid cells must be used for microdissec­
tion. We therefore tried to clone DNA from distinct loops in spermatocyte 
nuclei Into the A vector 64І as described before (Scalenghe et al. 1981). 
Although the amount of DNA recovered In this way was very small, and 
the conditions In cloning this kind of biological material were very unfa­
vourable, because of the large amounts of ribonucleoprotein associated 
with the loops, a series of clones was recovered. Their chromosomal distri­
bution was studied by in situ hybridization. 
Materials and methods 
Drosophila strains. For mlcroclonlng У chromosomal DNA sequences, T(X;Y)/0 
males of the translocation T(X;Y)20 (Hackstein and Hennig 1982) have been 
used, which carry only loci A and В in the translocation fragment of the 
У chromosome. Cytologically only the loop pair "threads" is present. In 
sita hybridization experiments were done with wild-type males of D. hydei 
(Tübingen). 
Microclooing. The mlcroclonlng was carried out as described by Scalenghe 
et al. (1981) with the following modifications. The dissected loops were 
digested in 2 nl buffer (0.01 M Tris, pH 8, 10 mM NaCl) with 100 μg/ml 
pancreatic RNase (preheated) for 30 min at room temperature. Then SDS 
was added to a final concentration of 0.SX and pronase К to a final concen­
tration of 0.5 mg/ml. Incubation was 60 min at 37° С in a humid chamber. 
In sitn hybridization. In situ hybridization was carried out as described 
(Hennig et al., 1982). 
DNA blots. DNA blotting, nick-translation and hybridization was carried 
out as described (Vogt and Hennig 1983). 
Resalte 
Microdissection of iampbrnsh loops and molecular cloning 
The wild-type spermatocyte nucleus of D. hydei Is entirely filled with 
lampbrush loops of the У chromosome (for review, see Hennig 1978). In 
these nuclei, the positions of the autosomes are not precisely predictable 
22 Chapter II 
and the various loops are not well separated from one another (Yamasaki 
1977, 1981). To overcome this problem, we chose certain X-Y translocations 
from our strain collection (see Hackstein et al. 1962) and constructed 
T(X;Y)/0 males containing only one or two defined loop pairs in their 
spermatocyte nuclei (Figure 1 a,b). This allowed the recovery of distinct 
loops without contamination by others. Testes of such males were Isolated 
and squashed between two cover slips (22 χ 36 mm). These were placed in 
liquid nitrogen, and separated with a razor blade. Cover slips with squa­
shes were placed in 70% ethanol for 30 min and then dried. 
Micromanipulation was carried out in an oil chamber as described 
(Scalenghe et al. 1981). The desired loops were scratched out of the nucleus 
under microscopic control with a glass needle (Figure 1 c-e). The material 
remaining on the tip of the needle was then deposited in a drop of glycerol 
buffer (0.05 M sodium phosphate buffer, pH 8, 80% glycerol) close to the 
tissue (Figure 1 f). After an adequate number of loops had been collected, 
the pooled material was transferred with a needle (Figure 1 g) to another 
small cover slip (Figure 1 h) and extracted in a microdrop of RNase. DNA 
was then extracted as described earlier, with only slight modifications. 
Because of the large amounts of protein in the collected material It was 
necessary to increase the concentration of SDS to 0.5% (from 0.1%). As a 
consequence of the Increased concentration of SDS, the subsequent phenol 
extraction for Its removal had to be more intense. Two additional phenol 
extractions were therefore carried out (a total of five). After this step, all 
following procedures were Identical to the published protocol. 
Identification and characterization of the cloned DNA sequences 
The cloning experiment was carried out with T(X;Y)20/0 males. Their 
spermatocyte nuclei contain only the lampbrush loop pair "threads" (Figure 
1 a). For the cloning experiment, the loops of a total of 1000 nuclei were 
collected. This amounts to 5-50 pg DNA (see Hennig et al. 1974). From an 
initial yield of 24 prospective clones, only 12 clones displayed a clear pla­
que morphology on Escherichia coli С 3000 in a second plating. In eight 
(dtiMiFl, 2, 4, 5, 8, 9R, 10, 12) out of the 12 clones separate insert bands 
could be detected In restriction gels after EcoRI digestion (Table I). In two 
additional clones (dhMlFô, 7), one of the EcoRI restriction sites used for 
cloning had disappeared. Since these two clones did not hybridize with 
DNA of D. hydei, they were not further investigated. The Insert length 
recovered in the eight clones with defined inserts varied between 2.9 kb 
and 7.5 kb (Table I). 
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Table I. Characterization of Insert sequences 
dhMiP 
Insert 
length 
(kb) 
1 
3.7 
2 
3.1 
1.7 
3 
7 
4 
7.S 
S 
2.6 
1.7 
6 
9 . 3 a 
7 
9 . 3 a 
8 
2.4 
1.9 
0 .6 
9R 
6.2 
ΙΟ 
2.9 
11 
7 
12 
2.6 
1.2 
In situ 
hybridized 
to : 
metaphases Υ Ύ 
X X 
chromosomes kine-
t o -
X 
2-
chore 2-
3-
3-
3-
4-
4-
4 
5-
- 2 A 
-21A 
-31A 
-49 
-S9A 
•69 
-71D 
-72A 
-в9В/С 
-9βΑ 
klne-
tochores 
a Inclus lve short arm o f vector 
The chromosomal origin of the cloned DNA fragments was shown by 
hybridization in situ of tritiated cRNA complementary to the cloned inserts 
to mitotic metaphase chromosomes (Figure 2) or to polytene chromosomes 
from salivary glands (Figure 3). Significant hybridization was obtained with 
five clones (dhMiFl, 2, 8, 9R and 10). The most obvious label in mitotic 
chromosomes was found in the У chromosome close to the end of the long 
arm (thick arrows in Figure 2). In addition, other sites in the У chromoso­
me are labelled in hybridization experiments using the clones dhMlF2 and 8. 
Besides these У chromosomal locations, the X chromosome is often labe­
led in a small region close to its kinetochore. Some autosomal label is 
occasionally seen. However, since the autosomes cannot be recognized 
individually in mitotic metaphases, it is difficult to ascertain the labeling 
of distinct autosomes. 
Information on autosomal locations of the cloned DNA sequences can 
more easily be obtained with polytene chromosomes (Fig. 3). The same 
clones displaying in situ hybridization with mitotic metaphase chromosomes 
also react with polytene chromosomes. In all cases, one to a few bands in 
Pig· 2. In situ hybridization on neuroblast metaphase chromosomes. The 
thick arrows indicate the posit ion in the Y chromosome where loci A and 
В are located. For each clone, two representative metaphase plates are 
shown, (a) dhMiFl, Cb) dhMlF2, (a) dhMlPS, (d) dhMlFlO (note distribution 
of label In the interphase nuclei in the second photograph). Bar is 5 μιη 
Y - Y 
Χ Χ 
Χ-1 NO Χ 
Χ-2Α Ι1.1. 
4-72Α B / D 
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Flg. 1. Microdissection of Y chromosomal lampbrush loops from primary 
spermatocytes of D. hydei. (a) Spermatocyte nucleus of a Τ(Χ;Υ)20/Ό t es t i s . 
Only the loop pair 'threads' is present. Such nuclei were used for the 
cloning experiment described in this paper, (b) Spermatocyte nucleus of a 
7ΎΧ,·Υ>37/Ό t e s t i s . The photographic demonstration (c - e) o f the microdis­
section procedure uses this type of spermatocyte since the structure of the 
loop 'pseudonucieolus' is more convenient for demonstrative purposes. Til: 
threads, Ps: pseudonucieolus, NO: nucleolus, (o) Spermatocyte nuclei before 
dissection, (d) The procedure of dissection with a g lass needle, (e) Nucleus 
after dissection, (f) Dissected pieces of material are co l lected In a drop of 
buffer, (g) After collecting sufficient material (approximately lOOO loops), 
the pieces are transferred t o the final incubation medium on the tip of a 
needle, (h) Batches of material after transfer t o the incubation buffer. The 
various droplets seen contain O.S - l.S nl buffer and 300 - 800 pieces of 
col lected material. Bar is S μηη In a and b, and Ю цш In с - h. 
• л 
' ν · * 
; Χ 
4
 . ^s 
a 
с * 
. ». V 
\ і ' b 
I * 
л.· ¿çy* 
ν» 
Y . 
•л* 
f І5· 
»'•ν 
Microcloning of the Threads 25 
s&^O 
Э ''щек* * f ^ i ^ ^ ^ — 
*иц 
«и-
• с м 
'ir* 
#»««#. "•.^л·*·^ 111^ 
Flg. 3. In situ hybridization on poly tene chromosomes, (a) dhMiF2, (b) 
dhMiPl, (o) dhMiFS. (<D dhMiPIO, (e) dhMiP9R. Bar is 10 μιη 
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Fig. 4. Blots o f EcoRI total ly digested genomic DNA from D. hydei, D. 
eohydei and D. neohydei males and females. For hybridization, nick-transla-
ted DNA of dhMiP2 was used as a probe. Marker was Hindlll digested Л 
DNA (at the left). The arrowheads indicate the position of the bands repre­
senting the insert of the clone. Prom partial d igests we deduced that they 
originate from a genomic sequence of 4.8 kb (insert size) which carries one 
internal EcoRI s i te (not shown). In D. hydei no differences in hybridization 
of DNA from males or females can be detected. In the other species, how­
ever, male-associated fragments become apparent. Incubation was in 4 χ 
S E T ( 6 8 0 С), washing in 0.1 χ SSC (68° С). An overexposed autoradiogram 
is shown t o display minor bands. 
Fig. 5. Blots of RvuII digested genomic DNA of D. hydei females and males. 
Por hybridization, nick-translated DNA of a subcloned 3.2-kb EcoRI frag­
ment of dhMlP2 (see Figure 4, first lane) was used as a probe. Marker was 
Hindlll digested λ DNA (at the left). The arrowheads indicate the positions 
of male-specific (i.e., Y chromosome-specific) restriction fragments, the 
arrows indicate the posit ions of restriction fragments preferentially located 
in the Y chromosome. Incubation was in 4 χ SET (68° C), washing in O.l χ 
SSC (68° C). 
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Information on autosomal locations of the cloned DNA sequences can 
more easily be obtained with polytene chromosomes (Fig. 3). The same 
clones displaying in situ hybridization with mitotic metaphase chromosomes 
also react with polytene chromosomes. In all cases, one to a few bands In 
euchromatic regions of the autosomes are labelled. In addition, label is 
often seen in the klnetochore region of the X chromosome as was to be 
expected from the labeling pattern in mitotic metaphases. Clone dhMiFQR 
hybridizes strongly to the nucleolus (Fig. 3). It also hybridizes with rRNA 
in a RNA blot and, therefore, represents a region of the rDNA. From the 
isolation procedure it was to be expected that rDNA clones could be reco­
vered since the "threads" are immediately adjacent to the nucleolus (Fig. 
la). rRNA genes might occasionally be closely associated with У chromoso­
mal lampbrush loops (Grond et al. 1983). The cloning of rDNA sequences 
may therefore serve as an Internal control for the cloning experiment. 
Taken together, the in situ hybridization experiments identified the cloned 
DNA sequences as members of families of repeated sequences with copies 
both in the У chromosome and in other chromosomes. 
The У chromosomal origin of the cloned sequences should also become 
evident in DNA blots of genomic DNA from males or females after restric­
tion and subsequent electrophoresis in agarose gels (Southern 1975). When 
such experiments were carried out rather unexpected results were obtained. 
With none of the cloned sequences was a significant qualitative or quanti­
tative difference in hybridization to DNA from males or females detected 
(Fig. 4), irrespective of the restriction enzymes used. Only after subclo-
nlng fragments of the DNA inserts could some male-specific restriction 
fragments be Identified in genomic blots. An example Is shown in Figure 5. 
This proves that the cloned DNA sequences are linked to У-speciflc re­
striction fragments. Also in these blots the majority of restriction frag­
ments do not differ in size or intensity between the DNA from males or 
females. This indicates that either the number of copies of these sequences 
is approximately the same in both the X and the У (cf., Fig. 2 b) or that 
the total number of copies in the У chromosome is small compared with 
the rest of the genome. 
A comparison of the hybridization patterns of genomic DNA digests 
from two related species, D. neohydei and D. eohydel (Fig. 4), also shows 
differences between males and females, indicating а У chromosomal loca­
tion of sequences homologous to the cloned hydei sequences. 
In conclusion, our data indicate that extensive homologies exist bet­
ween the DNA in the У chromosome and the rest of the genome. Moreover, 
a high degree of sequence conservation in different genomic positions and 
during evolution was found, and the majority of the copies must be located 
In the autosomes. 
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Discussion 
The experiments reported in this paper demonstrate that microcloning 
techniques can also be used for non-polytene chromosome regions, even 
when the DNA concentration is very low. 
The impact of the present experimental approach is evident from the 
data provided in this and other papers (Vogt et al. 1982). It has been shown 
that У chromosomal sequences In general are shared by many different loci 
throughout the genome. Therefore, the recovery of copies located in the У 
chromosome by conventional cloning approaches is difficult (Vogt et al. 
1982; lifschytz et al. 1983; Vogt and Hennig 1983). In addition, it may be 
difficult to establish that the cloned sequences truly originate from the У 
chromosome since the copies in different regions of the genome display 
little sequence divergence. Moreover, recovery of distinct У chromosomal 
sequences by "chromosome walking" is unlikely to succeed because of the 
repetitive nature of most of the У chromosomal DNA sequences. 
The relationship of the microclones obtained and the lampbrush loops 
used for microdissection has not yet been studied in detail. However, the 
In situ hybridization experiments prove that the cloned sequences hybridize 
to the region of the У chromosome from where they should originate, i.e., 
close to the end of the long arm. In Figure 2 it can be seen that the label 
is always associated with a less strongly staining region close to a more 
strongly staining chromosome region at the end of the long arm. This 
localization of the cloned DNA sequences is In agreement with the chromo­
somal location of locus A, which Is defined as the complementation group 
associated with the "threads", and has now also been confirmed by cytoge­
netic analysis. Loci Α-C (Hackstein et al. 1982) have been assigned (Bonac-
corsi, Hackstein and Hennlg, in preparation) to the first chromosome re­
gion not staining with Hoechst 33 2S8 (cf.. Bonaccorsi et al. 1981). 
The in situ hybridization experiments described here further confirm 
and extend the information on the sequence composition of the У chromo­
some and its relationship to other chromosomes. From studies of cloned У 
chromosomal DNA sequences obtained by conventional methods (Vogt and 
Hennig 1983), we deduced that most of the У chromosomal DNA sequences 
of D. hydei are represented elsewhere in the genome. This also holds true 
for the sequences obtained by microcloning. In fact, these sequences can­
not be detected as У-associated with the methods used by Lifschytz (1979) 
and Vogt and Hennlg (1983). There appears to be no particular preference 
for distinct chromosomes or chromosomal regions since sequence homolo­
gies have been found throughout the genome. The DNA blots indicate, 
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furthermore, that the majority of the copies homologous to the cloned 
DNA sequences must reside outside the Y chromosome, as otherwise quan­
titative differences in the hybridization patterns of DNA from males or 
females would be expected. Although different accessibility of the chromo­
somal DNA sequences for in situ hybridization cannot be excluded, the 
hybridization signals In the У chromosome obtained elfter in situ hybridiza­
tion suggests a clnstering of the У chromosomal copies. Autosomal and X 
chromosomal copies must be located in a more dispersed pattern. This 
interpretation is supported by the in situ hybridization patterns in polytene 
chromosomes. 
The results of the DNA blots Indicate a high degree of sequence con­
servation in the different genomic locations. This, together with the di­
spersed location, is reminiscent of "nomadic" DNA sequences. However, the 
sequence distribution of the У-associated sequences is not compatible with 
the general pattern of "nomadic" moderately repetitive sequences [such as 
copia, the FB family of mdg elements etc. (Young and Schwartz, 1981; 
Truett et al. 1981; Ananiev et al. 1978)]. In most cases we found only few 
labelled chromosome regions in polytene chromosomes. The sequences 
often reside In kinetochore-associated heterochromatin. Moreover, cop/a­
like sequences appear to be rather species specific (cf., Dowsett and 
Young 1982; Dowsett 1983). This is not true for the У chromosomal sequen­
ces of D. hydei considered in this paper (see Figure 4). Studies of У chro­
mosomal DNA sequences in other organisms revealed features similar to 
those of D. hydei (e.g. Nal lascht 1983, Kunkel and Smith 1982). 
The observations reported here reveal another feature of У chromoso­
mal sequences: homologous sequences may occur In different positions 
along the У chromosome. This is particularly evident for clone dhMlF2, 
which is found in at least three different regions throughout the chromoso­
me. Since the clones must be derived from a chromosome region contained 
in one of the lampbrush loops, It will be of Interest to see whether the 
homologous sites are correlated with other У chromosomal genes. Similar 
cross-homologies have been found for clones derived from the short arm 
of the У chromosome of D. hydei (Vogt and Hennlg 1983). 
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CHAPTER HI 
Complex organization of mlcrocloned У chromosomal DNA sequences 
In the genome of Drosophila hydei 
Peter Haljser and Wolfgang Hennlg 

Abstract. We report the results of the molecular cloning at the microscale 
of DNA obtained by microdissection of the Y chromosomal lampbrush loop 
pseudonucleolus from primary spermatocyte nuclei of D. hydei. Two recom­
binant clone banks with a total of 1930 individual clones were screened and 
three families of repeated DNA sequences derived from the lampbrush loop 
pseudonucleolus were studied in detail. The data confirm the reliability of 
the microcloning technique If applied to Y chromosomal lampbrush loops. 
The results of the analysis of particular clones confirm and extend earlier 
conclusions on the DNA composition of the Y chromosomal fertility genes. 
The identification of the respective sequence families as in part located on 
the Y chromosome by different approaches would be exceedingly difficult 
since most of their members occur outside the У chromosome. By the 
present study it could, in particular, be shown that the fertility genes 
clustered at the tip of the long arm of the У chromosome share DNA 
sequences which again argues for a common evolutionary history of these 
genes. 
Introduction 
The identification and isolation of У chromosomal DNA of Drosophila has 
been approached by several different methods (Hennig 1972; Renkawltz 1978; 
Llfschytz 1979; Vogt et al. 1982; Vogt and Hennig 1983; Awgulewltsch and 
Bünemann 1986). The most direct way is dissection of active У chromoso­
mal genes which form lampbrush loops in primary spermatocytes and 
cloning of the DNA at the microscale according to the procedure of Sca-
lenghe et al. (1981). In an earlier experiment we applied this method suc­
cessfully to the lampbrush loops threads (Hennig et al. 1983). This enco-
raged us to dissect another lampbrush loop and to construct a recombinant 
clone bank in the vector λ641. We choose the lampbrush loop pseudonucle­
olus since we recognized In genetic experiments that the corresponding 
locus (C) interacts with locus A (threads) (Hacksteln et al. 1982) and might 
therefore of interest for further molecular studies. 
The microcloning was carried out in two parallel experiments and each 
clone bank constructed in this way contained a much larger number of 
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recombinant clones than we obtained in onr first expriment. From the 
clones obtained we investigated some selected groups of DNA fragments In 
detail. In this paper we give a general information on these families of 
repeated DNA sequences while In separate papers details on specific DNA 
families are reportet (Huijser and Hennig 1987; Huljser et al. 1987; chapters 
IV - VIII of this thesis). 
Materials and methods 
Drosophila strains. The wild-type strain of D. hydei was from our laborato­
ry collection. The T(X;Y) strains used were described by Hackstein et al. 
(1982) and Hackstein and Hennig (1982). T(X;Y)/0 males were constructed 
as described by Hackstein et al. (1982). For microcloning, squashed testis 
preparations of T(X;Y)37/0 were used. 
Microcloning. The microdissection of the lampbrush loop pseudonucleolus 
from primary spermatocyte nuclei and the purification, restriction and 
cloning of the DNA In the λ vector 641 was carried out as described before 
(Hennig et al. 1983). The clones further characterized in this paper were 
recloned in the plasmid vecor pBR328 because this Is more convenient for 
restriction mapping, insert isolation and screening of λ clone banks. 
Recombinant DNA was Isolated as described by Maniatis et al. (1982). 
DNA from male, female or mutant files was prepared as described by 
Huijser and Hennig (1987) 
Hybridization of nacleic acids. Restriction fragments of digested genomic 
DNA were separated electrophoretically on horizontal 1% agarose gels 
according to Maniatis et al. (1982). DNA blotting, labelling by nick-transla­
tion and hybridization were carried out as described by Vogt and Hennig 
(1983). However, carrier DNA was omitted from (pre-)hybridiziatlon mix­
tures unless otherwise stated. 
In sita hybridization. In situ hybridization to polytene and larval neuroblast 
metaphase chromosomes was carried out described by Hennig et al. (1982). 
Transcript in situ hybridization on testis squahes was carried out as descri­
bed by Vogt et al. (1982). For in situ hybridization 3H-labelled cRNA was 
used as probe. 
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Results 
Isolation of Y chromosomal DNA by microdissection of lampbmsh ¡oops 
In two microcloning experiments we recovered recombinant DNA clones in 
the EcoRI sites of vector A 641 from а У chromosomal lampbrush loop of D. 
hydei. The method has been described In detail in an earlier publication 
(Hennig et al. 1983). To facilitate an easy recognition of the respective 
lampbrush loop and to avoid contamination by other chromosomal materi­
al In the present experiments T(X;Y)37/0 males were used which carry only 
the distal part of the long arm of the У chromosome including loci A-C 
with the lampbrush loops "threads" and "pseudonucleolus". After dissec­
ting 560 or 312 lampbrush loop pairs "pseudonucleolus" we obtained 1330 
or 600 recombinant DNA clones respectively. 
A preliminary characterization of the recombinants was achieved by 
investigating the insert length pattern after small scale DNA isolation, 
subsequent EcoRI restriction and gel electrophoresis. To reduce the number 
of DNA samples t o be handled we pooled a total of 10 Individual recombi­
nant phage lysates into single batches for further analysis on gels. 
The restriction analysis showed that approximately half of the recove­
red recombinant phages have detectable inserts (Fig. 1). Their length varies 
between 0.5 and 9 kb. This agrees with the results of our earlier microclo­
ning experiment (Hennig et al. 1983). 
Also the first step of the more detailed analysis of the inserts was 
carried out by the batch method. DNA of the batches of 10 clones was 
radloactively labelled by nick translation and hybridized t o EcoRI digested, 
electrophoretically length fractionated and blotted genomic DNA of males 
or females of D. hydei (Fig. 2). Although expected t o be frequent, differen­
ces in the hybrid patterns detected by autoradiography, were Infrequent. 
Some characteristic hybrid patterns were, however, found in different 
batches of clones. 
In a different, second approach t o characterize the inserts concerning 
their genomic origin, we compared Southern blots of the EcoRI restricted 
and electrophoresed clone batches after hybridizing duplicate Alters with 
labelled genomic DNA of males or females (Fig. lb ,c) . Compared to the 
differential screening with recombinant DNA as a labelled probe (Vogt and 
Hennig 1983) this method Is relatively insensitive and permits only detec­
tion of repetitive DNA sequences which in their overwhelming majority are 
located in the У chromosome. In our experiments we recognized by this 
method only a small number of У chromosomal clones of the У-associated 
type which we had already identified by the first type of screening using 
Microcloning of the Pseudonucleolus 35 
8 9 Ю й І 2 В Й Б 1 6 1 7 В В ö 9 Ό й U Ώ Ш ¡5 ί> Ώ ß В 8 9Юиі2ВЙБ16171819 
Flg. 1. Insert analysis of recombinant DNA clones recovered by mlcroclonlng. 
DMA batches from 10 recombinants (dhMlPjS t o 19) were digested with 
EcoRI. After electrophoretlc separation the fragments In the gel were 
stained with the f luorescent dye ethidtam bromide (a). Duplicate b lots of 
the gel were hybridized t o labelled genomio DMA of female ГЬ) or (o) male 
fi les. In this figure, a preferential hybridization o f a 1.8 leb DNA fragment 
(arrow/leads) in batch dhMiPjM is seen which represents the rally family of 
repeated DNA sequences (Huijser and Hennig 1987) (see text ) . Marker was 
Hlndll l-dlgested Л DNA (to the left) 
' 
9 Cf Fig. 2. Hybridization of 
batches of 10 recombinant 
DNA fragments t o EcoRI-
digested genomic DNA of 
^m mem female or male flies. Note 
the similarity of the 
hybridization patterns with 
г^Ш the DNA of both sexes . 
Fragments preferentially 
or sole ly hybridizing in 
DNA of males are indica­
ted by arrowheads 
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Flg. 3. In situ hybridization of se lected recombinants t o mitotic metaphase 
chromosomes, a dliMtFl; b dhMlP2A; о dhMlPj^ 1 While In « and о wild-ty­
pe larvae of D. hydci were used, the metaphase chromosomes of Ь were 
from the T(X;Y)20 strain which carries a duplication of the distal part of 
the long arm of the Y" chromosome in the translocation. As a consequence 
two labelled chromosomes are seen. It is moreover confirmed by this 
experiment that dhMlP2A has homology t o t'wo separate regions in the 
long arm of the Y chromosome. Labeled regions are Indicated by arrow­
heads. Bar represents 5 μιη 
Flg. 4. Transcript in situ 
hybridization of se lected 
recombinants t o primary 
spermatocyte nuclei. a, b 
dhMiPit2 ; c, d dhMlF2A; e. f dhMiPil4.1. Phase contrast t o 
the left, l ight field t o the 
right. Co, cones; Ps, pseudo-
nucleolus; Th, threads; NO, 
nucleolus. Bar represents IO 
4 r-
• A " * 
·* J ••·:" :r. 
• · s ' . •· · 
г 
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labeled recombinant DNA, as, for instance, the "rally" sequence family 
(Haljser and Hennig 1987). 
In onr farther study we concentrated on recombinants which displayed 
differences in their hybridization patterns between males and females. The 
respective batches of clones were split in their Individual recombinants and 
each of those was tested for its ability to display the differential hybrid 
pattern depending on the hybridization with DNA of males or females. 
From these we studied four DNA sequence families in detail, the dhMiP^é 
family of repeated DNA sequences (described in an earlier publication: 
Huijser and Hennig 1987) also called "rally" family, the dhMlPiS family, the 
dhMlFl and the dhMlF2 family. In particular, the latter two families of 
repeated DNA sequences attracted our interest since recombinant clones of 
this sequence family were already isolated from the lampbrush loop threads 
in our first mlcrocloning experiment (Hennig et al. 1983). 
a. The rally family of repeated DNA sequences 
We recovered Ave different recombinant clones (dhMlPjH.l, dhMlPj 
24.2, dhMlPI47.10, dhMiPi93.4 and dhMlPi94.1) wich gave identical hybrid 
patterns If hybridized to restricted genomic DNA blots (cf. Huijser and 
Hennig 1987, chapter VI of this thesis). However, the five clones have 
different Insert lengths (1.8 kb, 1.2 kb, 5.4 kb, 0.6 kb and 1.8 kb respec-
tively). With the exception of dhMlPi47.10 all inserts were composed of 
small tandemly repeated sequences with a basic repeat length of approxi-
mately 0.2 kb. dhMiPI47.10 also contains two of these tandemly repeated 
sequences, bat In addition a unique 5 kb fragment flanked by EcoRI sites. 
Further analysis of this fragment demonstrated that it has been artificially 
ligated to the two 0.2 kb tandem repeats during cloning since the hybridi-
zation pattern with DNA of males and females is identical, in situ hybridi-
zation to metaphase chromosomes gives no indication of а У chromosomal 
location and transcript in situ hybridization did not result in labelling of 
one of the lampbrush loops. This fragment was, therefore, not further 
analysed. 
All residuai DNA sequences of these five recombinant DNA clones be­
long to the 0.2 kb tandem repeat family. Hybridization analysis and DNA 
sequencing has shown that the 0.2 kb repeat unit is derived from the 26S 
ß2 rlbosomal DNA as has in detail been described by Huijser and Hennig 
(1987). This DNA sequence has been inserted into the distal part of the 
long arm of the Y chromosome (Fig. 3 c) and subsequently been amplified 
in evolution yielding a repeat cluster which is actively transcribed in prima-
ry spermatocytes as part of У chromosomal lampbrush loops (Fig. 4e, f). 
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b. DNA sequences related to the NTS of ribosomal DNA 
Also a second family of repeated DNA sequences, recovered from the 
microclonlng of the pseudonucleolus, displays homology to ribosomal DNA. 
Six recombinant clones (dhMIPjS, dhMlPI32, dhMlP^SÓ, dhMiP^iS, dhMiPI69, 
and dhMiPil03) Isolated from six different batches of 10 show differences 
in their hybrid patterns with DNA of males and females. Hybridization 
experiments revealed homology to the non-transcribed spacer (NTS) region 
of rDNA. Two cloned inserts, dhMiPI43.10 and dhMiPI32.1, with inserts of 5 
and 6 kb respectively, were further characterized. The differences in lengths 
is due to different numbers of the 240 bp repeats which exist within the 
NTS and can be cleaved by Hpall or Hhal into their Individual repeat units 
(Renkawitz-Pohl et al. 1980). The flanking EcoRI sites of these clones 
correspond to the EcoRI sites In the NTS and within the IBS rRNA coding 
region (see Fig. 2 In chapter VI). It has already been described by Kunz et 
al. (1981) that a particular size class of NTS characterized by a specific 
number of Hpall repeats is preferentially located in the Y chromosome. 
Our clones belong in part to such Y-specific size classes of the NTS. 
We have no indications that the NTS sequences were recovered from 
locations outside the ribosomal DNA cluster and we, therefore, did not 
further characterize these clones. Most likely they have accidentially be 
dissected together with the lampbrush loop pseudonucleolus. This lamp-
brush loop In the T(X;Y)37/0 males frequently Is in close association with 
the nucleolus of the primary spermatocyte. In has been shown before in 
Miller spreading experiments that such a location results occasionally in 
close association with transcribed rDNA sequences (Grond et al. 1983). 
c. The "dhMiF2" family of repeated DNA sequences 
Some of the hybrid patterns in our screening experiment reminded to the 
hybrid patterns obtained with two recombinant DNA clones (dhMiFl and 
dhMlF2A) recovered In the first microclonlng experiment (Hennig et al. 
1983; for details of dhMIF2A see chapter VIII of this thesis). Therefore, we 
used these two clones derived from the lampbrush loop threads as labelled 
probes in screening the microclone banks derived from the lampbrush loop 
pseudonucleolus. Approximately 1% of the recombinant clones in these 
clone banks reacted with either dhMiFl or dhMlF2A. 
We investigated the inserts of 20 of the approximately 40 clones 
homologous to dhMi2A by restriction analysis. They agree in detail with 
the restriction properties of dhMiF2A and their insert lengths and restric-
tion patterns are identical. The Y chromosomal location is distal in the 
long arm, but in addition a region close to the kinetochore (Fig. 3b). The 
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distal location corresponds to their chromosomal origin since the lamp-
brush loops threads and pseudonacleolus are located in this region. Our 
experiments reveal that this family of repeated DNA sequences is located 
in both lampbrush loops and is actively transcribed in primary spermato­
cytes (Fig. 4 c, d) (see also chapter VIII of this thesis). 
d. The "dhMiFl family" of repeated DNA sequences 
While the members of the dhMiF2A family of repeated DNA sequences 
isolated from the pseudonucleolus mlcroclone bank are very uniform in size 
and restriction patterns, the members of the "dhMiFl" family of repeated 
DNA sequences differ greatly in insert length and restriction patterns. The 
restriction patterns of three inserts, one of the same size as dhMiFl (dhMlPit2 
3.7 kb), the other two smaller (dhMiPIt4 2.7 kb) or larger (dhMiPut? 4.1 
kb), did not show any homology to dhMiFl. By crosshybridization the re­
gions of homology between the different clones were assigned to small 
segments of the inserts (see chapter V of this thesis). The smallest of 
these fragments, an Aval restriction fragment of dhMiPjt^ , was isolated 
and as labelled probe hybridized to blots of restricted genomic DNA. We 
found, besides a complex hybridization pattern, a strong signal in the high 
molecular weight fraction of the DNA of males (Fig. 8c of chapter V). 
Another restriction fragment of dhMiPIt2 flanking the Aval fragment hybri­
dized only to one EcoRI fragment in genomic DNA corresponding to the 
length of the EcoRI fragment cloned in dhMiPit2. The conclusion of these 
experiments is, therefore, that a small section of dhMiFl and the related 
inserts is responsible for the homology between these cloned DNA frag­
ments and for the complex hybrid pattern in genomic DNA. 
This conclusion is supported by in situ hybridization experiments car­
ried out with dhMiFl and several related cloned fragments from the pseu­
donucleolus clone bank. All clones hybridize to different sites in the auto­
somes and the X chromosome in polytene chromosomes but in neuroblast 
metaphase chromosomes they hybridize to the distal part of the long arm 
of the У chromosome (Fig. 3 a). The region of homology must, therefore, 
be present in a large cluster in this У chromosomal region. 
Homology to transcripts in primary spermatocytes 
We used single members of the different families of repeated DNA sequen­
ces to investigate by transcript in situ hybridization whether they are 
represented in the population of transcripts synthesized In the lampbrush 
loops In primary spermatocytes. 
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Labeled probes of dhMlPjli.! hybridized weakly to the threads and the 
pseadonacleolns (Fig. 4e,f). The intensity of label found in transcript in 
sita hybridization Is not equivalent to the strength of the reaction in in 
situ hybridization experiments with neuroblast metaphase chromosomes 
(Fig. 3 c). We conclude, therefore, that only a small portion of the repeat 
units of the rally family located on the Y chromosome Is transcribed in 
primary spermatocytes. 
Transcript In situ hybridization of dhMlF2A results in labeling of the 
threads and the pseudonucleolus. This, together with our finding, that ho­
mologous clones can be Isolated from the pseudonucleolus mlcroclone 
banks, shows that this family of repeated DNA sequences is located and 
transcriptionally expressed In at least these two of the lampbrush loops. 
An intensive transcript In situ hybridization to the "cones", structures 
between the lampbrush loops threads and pseudonucleolus, occurs with 
dhMlFl and its homologous clone fragments (Fig. 4 a, b). The cones were 
present in both T(X;Y) strains used for microdissection and the representa­
tion of the respective DNA sequences is hence not unexpected. The high 
representation of such DNA sequences in transcripts indicates that a consi­
derable proportion of the cluster present in the У chromosom according to 
in situ hybridization to metaphase chromosomes (Fig. 3 a) must be active in 
the primary spermatocytes. 
Discussion 
The reliability of microcloning experiments 
As was demonstrated before, microcloning can be successfully applied to 
the lampbrush loops in primary spermatocytes of D. hydei (Hennlg et al. 
1983). Compared to the earlier experiment, the yield of clones was, how­
ever, considerably enhanced after microdissection of the lampbrush loop 
pseudonucleolus. A total of 1930 recombinant clones was recovered from 
692 mlcrodlssected pseudonucleoll in two parallel experiments. This con­
trasts with 24 clones obtained from 1000 mlcrodlssected threads. This 
100-fold increase in the number of clones may be the result of several 
differences, partly caused by the experimental material. Besides an impro­
ved experimental expertise, the pseudonucleolus may contain DNA in higher 
concentration than comparably large sections of the threads. Because of its 
better visibility under the conditions of microdissection the isolation of 
this loop is likely to be more efficient and complete. In addition, the di­
stribution of EcoRI sites in the pseudonucleolus DNA may be more favou-
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rabie for mlcroclonlng. The percentage of clones with detectable inserts 
(approximately 50%) and the distribution of Insert length (0.5 - 9 kb) clo­
sely resembles that of our first experiment. 
It Is of some interest to consider the limits of precision achieved in 
microdlssectlng lampbrush loop material from the primary spermatocyte 
nuclei. First, it must be stated that none of the recombinant DNA clones 
obtained in this way, which has been studied by in situ hybridization so far, 
is not at least in part composed of Y chromosomal DNA. In fact, the only 
clone with a DNA fragment of a genomic origin outside the Y chromosome 
is dhMiPjiT.lO which carries, besides а У chromosomal fragment, another 5 
kb fragment of unknown origin due to an artificial ligation. It is surprising 
that not more frequently clones are obtained which originate outside the Y 
chromosome since the structural organization of the chromatin within the 
primary spermatocyte nucleus makes it very unlikely that one can escape 
the accidentia! co-dissection of autosomal chromatin with the lampbrush 
loops (see Kremer et al. 1966). The compact structure of the pseudonucle-
olus may be helpful in this respect. 
The reliability of microdissection has been experimentally supported by 
using suitable strains with partially deficient Y chromosomes. In this way, 
the contamination by other lampbrush loop parts could be avoided and the 
overall cytology of the primary spermatocyte nuclei was more favourable 
for microdissection. As a consequence, Y chromosomal DNA fragn.ents 
recovered by mlcroclonlng could by In situ hybridization be located in the 
distal region of the long arm, the region where the lampbrush loops are 
formed which were mlcrodlssected. 
One might be Inclined to argue that most of the recombinant clones 
obtained belong to families of repeated DNA sequences which in part are 
also found In genomic locations other than the Y chromosome. However, it 
Is difficult to maintain this objection in considering that all these families 
of repeated DNA sequences have moderate numbers of copies (between 10 
and 100, but mostly less than 50). It Is more than unlikely that accidental 
excision of attached X chromosomal or autosomal copies would consi­
stently result in the recovery of members of sequence families which in 
part are located (and transcribed) within the two lampbrush loops under 
consideration. 
We can, therefore, conclude that the microdissection is highly reliable 
and, as other chapters of this thesis will demonstrate, an almost essential 
prerequisite for studying У chromosomal DNA. 
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General characterization of Y chromosomal lampbrush loop DNA 
The different DNA sequences isolated by mlcroclonlng fit into the two 
classes of У chromosomal DNA sequences distinguished on the basis of an 
analysis of clones isolated by more conventional techniques (Vogt and 
Hennig 1983). All У chromosomal DNA sequences described so far belong 
to families of repeated DNA sequences (Llfschytz 1979; Vogt et al. 1982; 
Vogt and Hennig 1983; Awgulewitsch and Bünemann 1986). Among these we 
distinguished Y-specific and Y-associated DNA sequences, the former class 
representing families of repeated DNA sequences which reside only on the 
Y chromosome, the latter class families of repeated DNA sequences which 
are found on the Y chromosome and in X chromosomal or autosomal 
locations. 
Both classes of DNA sequences were also represented in our micro-
clone banks. The "rally" sequences belong principally to the Y-speciflc 
class, while dhMiFl, dhMlF2 and the related DNA fragments belong to the 
Y-associated class. 
Our present study adds an important new aspect to our knowledge of 
the molecular structure of the Y chromosomal fertility genes. The lamp-
brush loops threads and pseudonucleolus have apparently considerable 
portions of their DNA sequences in common although both lampbrush loop 
pairs belong to different genetic complementation groups (loci A and C: 
Hacksteln et al. 1982). The structures earlier described as "cones", which 
are usually closely associated with the pseudonucleolus, but occur also in 
the T(X;Y) strains with only threads, also participate in this distribution of 
related DNA sequences. This exposes that the Y chromosome region inclu-
ding loci A - C, and hence the lampbrush loop pairs, threads and pseudo-
nucleolus, appear to have a related evolutionary origin as was suggested 
earlier from more indirect evidence (Hacksteln et al. 1982; Hulsebos et al. 
1984). 
The genomic arrangement of the dhMIF2 family of repeated DNA sequences 
The number of copies of sequences of the dhMiF2 family of repeated DNA 
sequences has been estimated to 30 per haploid genome (Hennig et al. 
1983). According to comparative genomic DNA blots hardly any difference 
in the genomic arrangement of these copies can be detected. This indicates 
that the majority of the repeat units are located outside the Y chromosome 
or, alternatively, the X chromosome and Y chromosome carry similar num-
bers of copies. This, however, contrasts with the results of In situ hybridi-
zation experiments where on mitotic metaphase chromosomes a strong 
signal occurs solely on the Y chromosome. It is still difficult to Interpret 
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this discrepancy. It might be argaed that in genomic DNA isolated from 
adult files У chromosomal DNA sequences are underrepresented due to the 
polyteny of many tissues. Heterochromatln Is known to be excluded from 
polytenization. However, we have compared the hybridization patterns of 
the rally family of repeated DNA sequences on genomic DNA from larval 
brains, which are in the majority of the cells not polytene, and adult flies. 
Since there is no significant difference in the strength of the hybridization 
it is clear that polyteny does not notlcably reduce the proportion of У 
chromosomal DNA sequences in DNA isolated from flies. We therefore 
assume that a major reason is the local arrangement of dhMiF2 copies in 
the different genomic positions. In the У chromosome several copies of 
dhMlF2 appear to be closely clustered if not tandemly arranged while in 
other genomic positions single copies are present. This latter situation is 
suggested by the equal intensities of the in situ hybridization signals of 
the various loci detected In polytene chromosomes. The У chromosomal 
site may, in addition, have several smaller fragments of dhMlF2 copies. 
Such fragments would hardly be detected on Southern blots as Is exampl-
ifled by the hybridization of labelled rDNA repeats to genomic blots. Such 
probes are not well suited to detect the rally sequence family although the 
members of this sequence family have a high degree of sequence homology 
to the 26S ß2 region of the rDNA repeat (see Huijser and Hennig 1987 and 
Fig. S in chapter VII). 
These observations exampllfy the difficulties in analysing the У chro­
mosomal DNA sequence organization. The sensitivity of usual techniques is 
often not sufficient to proceed with the experimental analysis successfully 
and the microcloning technique has been proven as an important tool to 
escape problems of this kind. 
The evolotíon of Y-associated DNA sequences 
Based on the analysis of DNA sequences derived from the У chromosomal 
lampbrush loop "nooses" we introduced the distinction of У-specific and 
y-associated DNA sequences (Vogt and Hennig 1983). The former sequence 
type is only found in specific sites of the У chromosome and consists of 
short tandemly repeated DNA sequence of a simple sequence type. The 
latter sequence type occurs in many positions throughout the genome, has 
a sequence complexity of several kb and is present in copy numbers bet­
ween 10 and 50 per haploid genome. From indirect arguments we derived 
that this sequence type belongs to the class of transposable genetic ele­
ments (Vogt et al. 1986; see also Hennig et al. 1983; Huijser and Hennig 
1987; Hennig et al. 1987). This inference has now been confirmed by the 
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structure of the dhMlF2 family of repeated DNA sequences which repre-
sents a family of retrotransposons (see chapter VIII of this thesis). 
In the lampbrush loops nooses Y-specific and Y-associated sequences 
have been demonstrated to occur in an interspersed arrangement (Vogt and 
Hennlg 1986 a, b). Y-specific sequences are not well conserved between 
different species while Y-associated sequences are evolutlonarily rather 
stable (Vogt et al. 1986; Hareven et al. 1986; Huijser and Hennig 1987). 
These observations permitted to propose a model for the evolution of Y 
chromosomal lampbrush loops (Vogt et al. 1986). We assume that in a first 
step an amplification of a short sequence within the Y chromosome occurs 
which creates a tandem repeat cluster. An example for this Is the rally 
family of repeated DNA sequences which is recent in origin since it is not 
found even in closely related species (Huijser and Hennig 1987). Into this 
sequence cluster transposable elements Insert and subsequently additional 
local amplifications occur which multiply certain sections of a lampbrush 
loop. This can be concluded from the cluster-specific structure of the 
Y chromosomal DNA sequences. Further mutations and amplifications cause 
regional divergence. By these mechanisms originally Y-associated sequen-
ces may develop towards Y-specificity (Vogt and Hennig 1986a, b; Huijser 
and Hennig 1987; and unpublished data of our group). 
The evolutionary aspects of this situation will be discussed in a sepa-
rate chapter of this thesis. Biologically, the insertion of transposable 
elements Into the Y-specific tandem repeat clusters may be considered 
advantageous in the context of our model for the biological function of 
the Y chromosomal lampbrush loops (see Hennig et al. 1987). We have 
argued that the lampbrush loops are required to accumulate nuclear prote-
ins by selective binding to their transcripts. Such a model can explain many 
of the features of these lampbrush loops in primary spermatocytes of 
Drosophila. It also enables us to understand why insertion of transposable 
elements into such protein binding DNA sequences may be benefitlal. It has 
been argued before that the large transcription units are required to supply 
a larger number of target sites for proteins in the growing transcripts 
(Hennig 1987). Insertion of transposable elements would enhance the num-
ber of growing transcripts travelling along the DNA axis of the transcrip-
tion unit. 
Such a model would explain why Y-associated DNA sequences can be 
choosen from the set of transposable elements available In the genome and 
are not important with respect to their evolutionary conservation. For the 
Y-specific type a frequent replacement in evolution by a new set may be 
important to create species barriers. Exchanges of Y-speclflc repeat clu-
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sters may be induced or facilitated by the activation of transposable ele-
ments residing within these clusters under special genetic and environmen-
tal conditions. 
Aoknowledgement. W e apprec ia te t h e suppor t by Drs . Jan-Er ik Eds t röm 
and H e r b e r t Juckle In t h e mloroclonlng exper iments and t h e hospi tal i ty a t 
t h e BMBL Heidelberg dur ing t h e performance of t h e microdissect ion. John 
van Meurs Is t h a n k e d for his he lp In t h e Initial charac ter iza t ion of t h e 
r ecombinan t c lones recovered from t h e p seudonuc leo lus . 
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CHAPTER IV 
Poly(dC-dA/dG-dT) repeats In the Drosophila genome: 
A key fnnctlon for dosage compensation and position effects ? 
Peter Hnijser, Wolfgang Hennig and Rosilde Dijkhof 
This chapter Is poblished In: 
Chromosoma 95:209-215 (1987) 
Abstract. In situ hybridization experiments demonstrate the wide distribu­
tion of (CA/GT)
n
 repeats within the genome of Drosophila hydei. (CA/GT)
n 
sequences are evenly distributed In the euchromatin of autosomes and the 
X chromosome but are not present in most of the heterochromatin of the 
sex chromosomes. Both sex chromosomes carry one large block of (CA/GT)
n
. 
At least part of this (CA/GT)
n
 cluster In the Ύ chromosome is transcribed 
in a strand-specific manner and at a high rate in primary spermatocyte 
nuclei. Also, in polytene chromosomes, specific transcription of (CA/GT)
n 
sequences is found in certain puffs as demonstrated by transcript In situ 
hybridization. The X chromosomal euchromatin carries approximately twice 
as much (CA/GT)
n
 over its entire length as the autosomes. These observa­
tions are discussed with respect to the mechanisms of dosage compensa­
tion and position-effect variegation. A possible biological role of (CA/GT)
n 
sequences, which has been the subject of controversy among various inve­
stigators, is their Involvement in the control of the rate of transcription. 
Introduction 
The presence of (CA/GT),, sequences In the eukaryotic genome has been 
known for some time (for review see Rich et al. 1984). It has been specula­
ted that (CA/GT)
n
 sequences are Involved in the control of transcription 
since they harbour the potential to change between the В and Ζ conforma­
tions. But so far a consensus has not even been achieved as to whether 
sequences in the Ζ conformation may enhance or repress transcription (see 
for example Nordheim and Rich 1983; Hlpskind and Clarkson 1983). 
In microclonlng experiments performed on Y chromosomal lampbrush 
loops (see Hennlg et al. 1983; Huljser and Hennlg 1986) we have recovered 
DNA fragments which, as revealed by DNA sequencing, contain (CA/GT)
n 
sequences of variable length. We therefore studied the distribution of 
(CA/GT)
n
 in the genome of Drosophila hydei and some other Drosophila 
species by in situ hybridization. Our study revealed that the X chromosome 
carries twice as much (CA/GT)0 as the autosomes. We also observed signi­
ficant transcription of the (CA/GT),, sequences in polytene chromosomes 
and in primary spermatocyte nuclei. 
Our observations are discussed in the context of a function of (CA/GT),, 
sequences in enhancing transcription. Such a correlation is suggested by 
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the observation of an increased amount of (CA/GT)I1 in the X chromosome, 
probably a general property of Drosophila (see also Pardue et al. 1984). 
The X chromosome in Drosophila compensates for the different dosages of 
its genes in the two sexes by modification of its transcriptional activity. 
We propose that this is achieved by an inherent potential of X chromoso­
mal genes to Increase the transcription rate as the result of an Interaction 
between the increased amount of (CA/GT)
n
 and male-specific factors 
(Belote and Lucchesi 1960) regulating the transcription rate in genomic 
positions associated with such (CA/GT)
n
 repeats. The enhanced transcrip­
tion rate of X chromosomal genes is hence a property of the X-linked 
genes but requires additional enhancing factors only present in the male 
sex. Moreover, the variable activity of genes of X chromosomal origin after 
transformation Into other genomic sites (Hazelrigg et al. 1984) proves that 
capacitly for an enhanced transcription rate is not irreversibly linked to the 
parameters determining gene expression. Since autosomal genes can, by 
transformation to X chromosomal sites (Spradllng and Rubin 1983; Schol-
nick et al. 1983), become susceptible to dosage compensation, the potential 
for Increased transcription must be encoded in the X chromosomal DNA 
outside the protein coding regions. 
Materiale and methods 
Strains. We used wild-type strains of D. hydei, D. neohydei, D. eohydei, D. 
melanogaster Oregon R, and D. pseudoobscnra from our collection. 
Experimental techniques. The details of in situ hybridization were described 
by Vogt et al. (1986). Poly(dC-dA) · poly(dG-dT) was obtained from Boeh-
ringer (Mannheim). The designation (CA/GT),, will be used subsequently 
for this sequence. cRNA was synthesized with either all four nucleotides 
labelled or, for strand-specific labelling, with either ЗН-СТР and зн-АТР 
or 3H-GTP and «H-UTP (Amersham, England). 
Results 
After microcloning Y chromosomal lampbrush loop DNA sequences (see 
Hennlg et al. 1983) we recovered a number of recombinant DNA clones 
which, as found by in situ hybridization to primary spermatocytes, specifi­
cally hybridized to the lampbrush loops cones (see below). Partial sequen-
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Flg. l a - α . In situ hybridization o f 
^H-(CA./GT)
n
 t o neuroblast metaphase 
and Interphase chromosomes of D. 
hydci. т., b While (CA/GT)
n
 sequences 
occur over the major part of the ge­
nome, the X heterochromatln (Xh) and 
the major part of the V chromosome 
(Y) display no significant labelling 
except for one large block (thick ar­
rows) In each s e x chromosome. Note 
that the X chromosomal euchromatln 
(Xe) Is more strongly labelled than t h e 
autosomes, α In Interphase nuclei the 
s e x chromosomal b locks of (CA/GT) I 1 (thick arrows) can be seen. A smaller 
sect ion of the nucleus (thin arrows) 
remains unlabelled, because It accom­
modates the s e x chromosomal hetero­
chromatln, while the major part of the 
nucleus, -with the euchromatln, Is dif­
fusely labelled. Bars represent 5 μιη 
cing of these clones revealed that at least some shared major homology in 
(CA/GT)
n
 sequences of variable length (up to 28 dinucleotides). We there­
fore used purified synthetic (CA/GT)
n
 sequences for further hybridization 
experiments. 
Genomic distribution of (CA/GT)
a
 sequences 
A general picture of the genomic distribution of (CA/GT)
n
 sequences in 
the genome of D. hydei was obtained from in situ hybridization to meta­
phase chromosomes of neuroblasts. Three remarkable features can be 
recognized in the autoradiograms (Pig. 1 a, b). First, (CA/GT),, sequences 
occur widely distributed all over the chromosomes, with the exception of 
parts of the sex chromosomes, i.e., except for most of the X heterochro­
matln, and the short arm and the proximal part of the long arm of the Y 
chromosome. Second, the X chromosome and the Y chromosome harbour a 
cluster of (CA/GT)
n
 sequences seen as strongly labelled regions close to 
the klnetochore of the X chromosome and in a terminal position on the 
long arm of the У chromosome. Third, the X chromosome is more intense­
ly labelled in its euchromatic arm than the autosomes. 
Interphase nuclei show a diffuse labelling pattern besides one or two 
strongly labelled regions (Fig. 1 c). Some parts of the nuclei remain unla­
belled. This pattern of Interphase nuclei is consistent with the pattern 
found on metaphase chromosomes. The strongly labelled dots correspond 
to the strongly labelled spots in the heterochromatln of the sex chromoso­
mes which in Interphase cells Is assumed to remain condensed. The unla­
belled regions of the nuclei reflect the position of the unlabelled (hetero-
chromatic) regions of the sex chromosomes. The diffuse label is derived 
from the euchromatic parts of the genome. 
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Flg. 2в.Ь. In s ita hybridization of 3H-(CA/GT)_ t o polytene chromosomes 
from salivary glands o f Droaophlla hydei. a The complete chromosome 
complement of a female. Note the Increased labelling on the X chromo­
some compared with the autosomes. Chromosomes гиге identified by num­
bers, and some regions (of.. Pig. 3) are identified by their numbers in the 
polytene chromosome map. The X displays an unlabel led region at its base 
which corresponds t o part of Its heterochromatic arm (X"). Chromosome 6 
Is only partially labelled, b The hemlzygous X chromosome and chromo­
some 3 of a male. Compare the relative labelling intensities with the homo­
zygous X in a. It should be noted that In male polytene nuclei no distinc­
tion bet-ween the labelling intensit ies of the various chromosomes can be 
made, while the X chromosome in females Is detectable simply on the 
basis of i ts stronger labelling. This indicates that the amount of (CAy'GT)
n 
in the X chromosome is, within fairly narrow limits. Increased by a factor 
of t w o since otherwise the chromosome should a lso be detactable in males 
because of its deviating labelling intensities. NO, nucleolus. Bars represent 
S (im 
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These observations could be confirmed and extended by In situ hybridi­
zation to polytene chromosomes of males and females (Fig. 2). As in the 
metaphase chromosomes, the euchromatlc regions of all chromosomes con­
tain (CA/GT)
n
 sequences over their entire length. Only minor chromosome 
regions remain without label, even after an exposure time of several weeks. 
In particular, no label was found in a small section at the base of the X 
chromosome (see also Pardue et al. 1984). This section probably repre­
sents the (partially) underreplicated heterochromatic arm of the X chromo­
some (see Fig. 1 a, b). One difference to the hybridization pattern in meta­
phase chromosomes is obvious. The strongly labelled sections of the sex 
chromosomes are not detectable in polytene chromosomes. This clearly 
reflects the underreplication of the respective parts of the genome in 
polytene cells. The data, however, also show that underreplication in the X 
chromosome must be differential. As pointed out before, part of the X 
heterochromatin is polytene as is indicated by the presence of a region 
without label at the base of the X chromosome (Fig. 2). 
The most important feature of the genomic distribution of (CA/GT)
n 
sequences becomes obvious if the in situ hybridization patterns on polytene 
chromosomes of males and females are compared. In the polytene nuclei of 
males all chromosomes are labelled with approximately equal density while 
in the nuclei of females, the paired X chromosomes display, over their 
entire length, approximately twice as much label as the paired autosomes. 
These differences in intensity must be the result of an X-specific increase 
in the amount of (CA/GT)
n
. 
Site-specific transcription of (CA/GT)
n
 sequences 
The observation of widespread distribution of (CA/GT)
n
 sequences in the 
genome led to studies of whether such DNA sequences are transcribed in a 
specific pattern. We synthesized strand-specific cRNA with 3H-CTP and 
3H-ATP and hybridized it with the transcript in situ hybridization technique 
of Pukklla (1975) to polytene chromosomes of D. hydei. The results of such 
experiments are shown In Figure 3. A small number of loci react Intensely 
with both labelled probes, while a low level of labelling occurs all over 
the chromosomes, comparable to the pattern obtained after in situ hybridi­
zation to polytene chromosomes after denaturation. The strongly labelled 
regions are preferentially puffed regions, such as X-12B/C, X-20D, 3-63D, 
and 5-96A (see Fig. 2a). The patterns obtained with both complementary 
probes are overlapping but not entirely identical. 
Since the first indication of the presence of transcribed (CA/GT)
n
 se­
quences came from microcloning of У chromosomal lampbrush loops, we 
carried out transcript in situ hybridization experiments with spermatocy-
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tes. Figure 4a ,b shows that extremely Intense hybridization of 3 H-(CA)n 
occurs In the cones, two structures laterally associated with the lamp-
brosh loop pseudonncleolus. Diffuse label over the nucleus, or In regions 
where the autosomes or the X euchromatln are located (see Kremer et al. 
1986), is negligible. Therefore, the expression of (CA/GT),, repeats in chro-
mosomal sites other than the cones is comparatively low in spermato-
cytes. Transcript in situ hybridization with the complementary strand 
labelled gives no clearly detectable reaction with the cones, but instead the 
pseudonncleolus is labelled (Fig. 4 c,d). 
(CA/GT)a repeats in other Drosophila species 
Our observations on the distribution and expression of (CA/GT)n sequen-
ces in the genome of D. hydei raise the question of whether such sequen-
ces are present in other Drosophila species and with similar genomic pro-
perties. We therefore studied other species such as D. neohydei, D. eohy-
dei, D. pseadoobscura and D. melanogaster. All show an Identical general 
distribution of (CA/GT)n repeats within the genome and, in particular, in-
creased amounts of (CA/GT)n in the X chromosome compared with the 
autosomes and the absence of label in most of the heterochromatin (Fig. 
5). We therefore assume that we have described a general property of the 
genome, at least of Drosophila. 
Further support for cell- and stage-specific expression of some of the 
(CA/GT)n repeats is derived from our observation that in spermatocytes of 
all the Drosophila species studied specific transcription of (CA/GT)n re-
peats was found (Fig. 6). In all species, transcripts from both CA-rich and 
GT-rlch DNA sequences were observed In specific spermatocyte structures 
which are probably related to the Y chromosomal lampbrush loop pairs. 
Thus, site-specific transcription of (CA/GT),, repeats appears to be a 
general phenomenon in the male germ line of Drosophila. 
Discussion 
(CA/GT)n repeats and their transcription 
The widespread distribution of (CA/GT)n repeats in enkaryotic genomes is 
a well-known phenomenon (for review see Rich et al. 1984). It has been 
shown that (CA/GT)n repeats often occur closely associated with the 
protein coding region of genes (for example Mlesfeld et al. 1981; Hamada et 
al. 1982; Aiken et al. 1985). 
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Pig. З а - с . Transcript In situ hybridization of ^H-CA t o polytene chromo­
somes of the salivary glands of D. hydcl. In a the chromosomes are identi­
fied and some labelled loci are Indicated with their polytene map positions. 
Compare with the respective map posit ions in Figure 2. In Ь and о t w o 
labelled puffs (20D in the X chromosome and 96A In chromosome 5) are 
shown at a higher magnification. NO, nucleolus. Bars represent 5 μπι 
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Flg. 4 « - d . Transcript in situ hybridiza­
tion of a 3 H - C A or Ь 3 H-GT t o 
spermatocyte nuclei of D. hydci. т., о 
Phase contrast photographs, b, d light 
field photographs t o visualize the label. 
In a, b the cones (Co), laterally associ­
ated with the lampbrush loop pseudo-
nucleolus (Ps), are strongly labelled 
(cf. cytology in o): in c, d the pseudo-
nucleolns Itself is labelled.though with 
lower Intensity. No other prominent 
hybridization is seen. Bar represents 10 
μιη 
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Fig· ба-f. T r a n s c r i p t in s i t a hybridiza­
t i o n of ^ Н - С А t o s p e r m a t o c y t e nuclei 
. o f di f ferent Drosophlla species. « D. 
neohydel, Ъ D. eohydet, and o D. m e i a -
nogaster. N o t e t h a t In all t h r e e species, 
a s in in D. hydci (Fig. 4), one par t icu lar 
nuclear s t r u c t u r e is s t r o n g l y labelled 
displaying a s i te-speci f ic t r a n s c r i p t i o n 
of CA s e q u e n c e s . These s t r u c t u r e s 
c o r r e s p o n d t o t h e V c h r o m o s o m a l 
lampbrush l o o p s "proximal loop" (PI) in 
D. neo/iydei and "pseadonucleolus-Uke 
loop" iPsli in £>. cohydcl. In earl ier 
(J e x p e r i m e n t s t h e s e l o o p s were identified 
as h o m o l o g o u s t o t h e p s e u d o n u c l e o l u s 
of D. hydci ( see Hennig 1985). In D 
melanogastcr t h e identi f icat ion of t h e 
Y c h r o m o s o m a l l a m p b r u s h l o o p is n o t 
poss ib le on t h e b a s i s of t h e cytology. 
Cytogenet ic e x p e r i m e n t s a re required t o 
achieve an unequivocal a s s i g n m e n t t o 
one of t h e fert i l i ty f a c t o r s , a., a, e 
Phase c o n t r a s t , b , d, f l ight field. 
Arrowheads indicate t h e label led r e -f 
glons. Bar r e p r e s e n t s 10 μ m 
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Our observations fit well into this general picture. The presence of 
(CA/GT),, sequences is a property of some regions highly active in tran­
scription. This is shown by the highly site-sped fie transcript patterns 
established by in situ hybridization to polytene chromosomes and in meio-
tlc prophase chromosomes. In polytene chromosomes, a small number of 
- almost exclusively large - puffs contain (CA)
n
 and (GT)
n
 sequences in 
their transcripts. A correlation between large puffing regions in polytene 
chromosomes and locally increased amounts of (CA/GT)
n
, however, cannot 
be made unequivocally. (CA/GT)
n
 is widely spread over the euchromatic 
part of the genome as has been demonstrated by our in situ hybridization 
experiments and by restriction pattern analysis of genomic DNA (Hamada 
et al. 1982; Tautz and Renz 1984). It could be argued that transcription of 
(CA/GT),, sequences occurs simply due to their intersperslon in the gen­
ome and consequent co-transcription with closely associated (protein-)co-
ding DNA sequences. If this Interpretation is correct it would be expected 
that more puffs would display (CA/GT)
n
 transcripts. In particular large 
puffs, such as 5-98 (Figs. 2 a, 3 a), would also be expected to display some 
transcription of (CA/GT)
n
. An even stronger argument against accidental 
co-transcription of all the CA or GT detected in transcripts is the highly 
stage-specific and site-specific transcription of (CA/GT),, in primary sper­
matocytes (Figs. 4, 6). These transcripts probably have specific functions 
during spermatogenesis, since they are not only detected postmeiotically 
but are also found In spermatocytes of all Drosophila species studied by us 
(Huijser and Hennlg, In preparation). Also the general occurrence of (CA/GT)
n 
in eukaryotic genomes suggests a more fundamental function for these 
sequences. 
(CA/GT)
α
 and dosage compensation 
Since (CA/GT)
 n
 sequences possess a high potential for a structural conver­
sion into the Z-DNA conformation it has been assumed that (CA/GT)
n 
repeats are Involved in gene regulation based on structural changes In the 
chromatin (see Rich et al. 1984). This view has been supported by studies 
of (CA/GT),, repeats In the SV40 genome, which Indicate a transcription 
enhancing function for them (Nordheim and Rich 1983; see also Rich et al. 
1984). More detailed insight into the biological relevance of (CA/GT)
n 
repeats has not yet been obtained. 
Our observation that heterochromatic sections of the genome, such as 
the heterochromatic arm of the X chromosome in D. hydei, contain no 
detectable amounts of (CA/GT),, repeats, further Indicates that (CA/GT)
n 
sequences reside preferentially (or exclusively) in coding regions of the 
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DrosopbÜa genome. It Is, on the other hand, well established that the Y 
chromosome accommodates several fertility genes (for review see Hennig 
1965) although It is largely devoid of (CA/GT)n sequences. It might be 
argued that in situ hybridization on metaphase chromosomes is not suffi-
ciently sensitive to detect minor amounts of (CA/GT)n associated with 
genetic sites located in the У chromosome. However the nucleotide se­
quences in fertility genes which are highly transcribed in spermatocytes 
also show no (CA/GT)
n
 repeats (Vogt and Hennig 1986a, b; Hareven et al. 
1986). Therefore, it cannot be concluded that the presence of (CA/GT),, 
repeats is an essential prerequisite for transcription. 
However, it seems that (CA/GT)
n
 sequences provide a potential for a 
high rate of transcription. This aspect is important given the observation 
that the DrosopbÜa X chromosome has about twice as (CA/GT)n sequences 
throughout its euchromatin (Pardue et al. 1964: this paper) as the autoso-
mes. The situation of X chromosomal genes within the genome is exceptio-
nal since their copy number varies, dependent on the sex, by a factor of 
two. As a consequence, a gene dosage compensation mechanism is necessa-
ry to assure an Identical level of expression of X chromosomal genes in 
both sexes. 
The mechanism of dosage compensation has been a subject of controver-
sy. Without doubt, in DrosopbÜa females the genes of both X chromo-
somes are expressed. Muller (1932) proposed that dosage compensation 
occurs by a partial repression of X chromosomal gene activity in the fe-
male. Since the transcriptional level In polytene X chromosomes of males 
and females of D. melanogaster is identical and not different from the 
average level of transcription in the (diploid) autosomes (Mukherjee and 
Beermann 1965) It is, on the other hand, plausible to postulate that dosage 
compensation may occur by hyperactivity of the X chromosomal genes In 
males. 
Muller (1950) assumed that the X chromosome of D. pseudoobscura 
may be dosage compensated in only one of its arms because the other arm 
may have been evolutlonarily derived from an autosome. However, other 
Investigators have evidence that both arms of the X chromosome of this 
species are dosage compensated (see Mukherjee and Chatterjee 1975). We 
also found an increased level of (CA/GT)n along the entire X chromosome 
except for the heterochromatin (Fig. 5). 
Genetic experiments have revealed that several genetic components are 
involved in the regulation of dosage compensation. Cline (1978) and Lucche-
si and Skripsky (1981) have demonstrated that the X chromosomal gene 
Sex-lethal (Sxl) controls sex determination and dosage compensation. This 
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gene has a central function in sex determination, but It is Itself controlled 
by other genes (Steinmann-Zwicky and Nöthiger 1985). Such a regulatory 
connection between the control of sex determination and dosage compen-
sation appears to be a logical property of the genetic control system. 
Belote and Lucchesi (1980) and Belote (1983) have shown that the enhanced 
activity of the male X chromosome requires the action of autosomal sites. 
Mutations in these loci (ms¡-1, msl-2, msl-3 and mie) are lethal in males, 
but do not affect female viability. Belote (1983) has given evidence that the 
msl and mie gene functions are cell autonomous and that they are probab-
ly required "continuously in most, If not all, tissues of a male". Dysfunc-
tion of these loci results in reduced transcriptional activity of the X chro-
mosomal genes In the male (Belote and Lucchesi 1980). This Is probably the 
reason for their male-specific lethality. 
We propose a model of dosage compensation, which has two basic fea-
tures essential for the enhanced activity of X chromosomal genes in the 
male. First, the potential to achieve a doubled rate of transcription is a 
constitutive character of the X chromosome. Genes, that are associated 
with an increased amount of (CA/GT)n sequences in their vicinity, may be 
able to be transcribed at a rate higher than that of autosomal genes. Se-
cond, this potential must either be activated by male-specific factors or 
reduced by female-specific factors regulating the transcription rate of X 
chromosomal genes. The observations on the msl mutations suggest the 
action of a male-specific transcription-enhancing factor. We propose that 
this regulating factor specifically interacts with the relatively Increased 
amounts of (CA/GT),, on the X chromosome. 
It is an important observation in this context that the X chromosomal 
elements regulating dosage compensation, although closely associated with 
the genes, are not an Intrinsic property of X chromosomal genes. Translo-
cation or transposition to other genomic environments does not necessarily 
abolish the potential for dosage compensation of the particular X chromo-
somal gene (Hazelrlgg et al. 1984; Krumm et al. 1985). However, Interme-
diate and low levels of expression of such genes have often been observed 
in a different genomic environment. In addition, Spradling and Rubin (1983) 
and Scholnlck et al. (1983) have found that autosomal genes, for example 
rosy or Dde, can achieve higher levels of expression if inserted into the X 
chromosome. The best assumption is that the genomic environment of a 
gene is relevant for dosage compensation. This could be based on the 
X-spedflc (CA/GT),, sequence type. 
The evolution of dosage compensation and sex determination must be 
closely connected. It would be expected that certain regulatory genes 
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specific for the pathway of male sex determination may be used to control 
the activity of X chromosomal genes in males. The msl loci mentioned 
above may represent parts of this shared control system. The question 
remains, however, as to the mechanism by which X chromosomal genes are 
provided with the sequences controlling the enhanced transcription rate in 
males. A role for (CA/GT)n sequences in this context would allow this 
evolutionary adaptation to be explained by a simple mechanism. An increa-
sed repeat length of the (CA/GT)n sequences could easily be created by 
"unequal" crossingover. In this way a continuously fluctuating range of 
sequence lengths would be provided (cf. Smith 1976). This would allow 
selection for increased (CA/GT)n sequence length in the X chromosome. 
"Slippage" of the DNA polymerase could also contribute to the length 
variability (Streislnger et al. 1966). Thus, a simple sequence character would 
be favourable for a fast selective adaptation of genes to an X chromoso-
mal location. An example Is the right arm of the X chromosome of D. 
peadoobscara which has become part of the X chromosome only more 
recently in evolution. As earlier studies have shown, the genes located in 
this part of the X chromosome are as enhanced in their activity in males 
as genes in the original part of the X. Obviously, the amount of (CA/GT)n 
sequences has also Increased over the entire X chromosome (Fig. 5). 
Position effects and genome structure 
If (CA/GT),, sequences affect the general structure of chromatin, their 
absence in heterochromatin might provide a key for understanding the me-
chanism of position-effect variegation. Position- effect variegation occurs in 
genes of euchromatic origin which have been translocated into a broken 
heterochromatic section of the genome (for review see Spofford 1976). It is 
generally accepted that the molecular basis of position-effect variegation 
is the overall chromatin structure in the region of the chromosome rear-
rangement (for example Hartmann-Goldstein 1967). Dorn et al. (1986) have 
demonstrated that a defective histone deacetylatlon mechanism suppresses 
position-effect variegation. This is probably the result of Incomplete con-
densation of heterochromatin because of histone acetylation. A comparable 
explanation based on the state of chromatin structure could hold true for 
the molecular basis of position effects. The absence of (CA/GT)n repeats 
in heterochromatin may have consequences at the level of chromatin struc-
ture in general and for the transcription potential of genes transposed into 
such a chromosomal environment. 
It has often been suggested that heterochromatin represents "degenera-
ted" sections of the genomic DNA (see, for example, discussion in Pfeiffer 
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1973). In our view, the distinct difference in the provision of (CA/GT)n 
repeats between eu- and hetero chromatin contradicts such a view. More 
likely, heterochromatln has specific genome functions which might be 
based on a difference in chromatin structure (see Hennlg 1986). 
Acknowledgements. We thank Professor W. Beermann for discussions on 
our data. Our col leagues Rein C. Brand, Johannes Hackstein, Ron Hochsten-
bach, Hannle Kremer and Dlrk-Henner Lankenau gave critical comments on 
the manuscript. Drs. Günter Korge and Rolf Nöthlger a lso gave valuable 
comments. For technical help we are Indebted to Wie 11 Janssen. 
Genomic distribution of (CA/GT)a repeats 61 

Chapter V 
Poly [d(C-A)] · poly [d(G-T)] Is highly transcribed 
In testes of Drosophila hydei 
Peter Huijser, Luc Beckers, Bert Top, Monique Hermans, 
Richard Sinke and Wolfgang Hennig 

Abstract. Microdissection of the Y chromosomal lampbmsh loops in prima-
ry spermatocytes of D. hydei and subsequent microclonlng of the DNA 
provided a series of recombinant DNA clones, which in their inserts contain 
blocks of poly[d(C-A)] · polyídíG-T)]. Testis RNA contains a large frac-
tion of transcripts with this simple repeated nucleotide sequence. With the 
aid of transcript in situ hybridization we discovered that the lampbmsh 
loops "cones" and "pseudonucleolus" are the primary sites of transcription 
of poly[d(C-A)l - poly[d(G-T)l. In addition, we found a strand-specific 
transcription of (CA/GT)n. In both the cones and the pseudonucleolus the 
(CA),, strand is transcribed, while in the pseudonucleolus also (GT)n is 
transcribed. This makes it likely that the cones are a separate transcrip-
tion unit. Labelled (CA)n probes react with the protein bodies in spermatid 
nuclei indicating either the presence of transcripts with (GU)n repeats or 
the presence of proteins specifically interacting with (CA)n. Protein inter-
actions are even more likely as we found that elongated spermatid heads 
of D. melanogaster react in transcript hybridization experiments with (GU)n 
probes. These observations are discussed in the context of Y chromosome 
function during spermatogenesis. 
Introduction 
By microdissection of У chromosomal lampbrush loops of D. hydei sperma­
tocytes and subsequent cloning of the purified and restricted DNA in a λ 
vector (Hennlg et al. 1983; Huljser and Hennlg 1967) we recovered Y chro­
mosomal DNA sequences derived from the fertility genes distal In the long 
arm of the Y chromosome. The detailed analysis of these recombinant DNA 
clones revealed that various inserts carry stretches of (CA/GT)
n
 repeats. 
We documented that (CA/GT)
n
 repeats occur widespread throughout the 
genome except in heterochromatln (Huijser et al. 1987). However, the Y 
chromosome of D. hydei, although heterochromatic according to classic 
cytological terminology, carries a prominent block of (CA/GT)
n
 repeats 
close to or even within those respective fertility genes which reside in a 
terminal region of the long arm. 
In this paper our observations on the transcription of (CA/GT)
n
 re­
peats in testes of D. hydei are summarized. Such sequences are extensively 
transcribed in particular lampbrush loops in primary spermatocytes. Diffe­
rent lampbmsh loops differ in the strand-specificity of transcription. Since 
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highly active transcription of (CA/GT)
n
 repeats was found in different 
Drosophila species, we assume that these transcripts may be required 
during the male germ cell development. 
Materials and Methods 
Drosophila strains. The wild-type strains of D. hydei and D. melanogaster 
were from our laboratory collection. The construction of T(X;Y)/0 males 
and details on their constitution were described by Hack stein et al. (1982) 
and Hackstein and Hennig (1982). 
Nucleic acids. The insert of the recombinant DNA clone dhMlFl was reco­
vered from the lampbrush loops "threads" after microdissection (Hennig et 
al. 1983). The inserts of the clones dhMiPit2, dhMiPIt4 and dhMiPIIt9 were 
isolated from a recombinant DNA clone library in λ641, obtained by micro-
cloning of the lampbrush loop "pseudonucleolus" (Huijser et al., chapter III 
of this thesis). We used the insert of dhMlFl as radioactive probe. The 
Inserts of all λ clones were recloned in pBR328. DNA from recombinant 
DNA clones was Isolated according to the protocolls of Maniatls et al. 
(1982). Poly[d(C-A)] ' polytd(G-T)] was purchased from Boehringer (Mann-
helm). 
DNA of male, female and mutant flies was prepared as described ear­
lier (Huijser and Hennig 1987). 
Hybridization of nucleic acids. Restriction fragments of digested genomic 
DNA were separated electrophoretically on horizontal \% agarose gels 
according to Maniatls et al. (1982). DNA blotting, labelling by nick-transla­
tion or cRNA synthesis and hybridization were carried out as described by 
Vogt and Hennig (1983). We omitted carrier DNA (Denhardt 1966) from the 
(pre-)hybridlzatlon mixtures unless otherwise stated. 
Strand-specific probes of poly[d(C-A)] · poly[d(G-T)] were obtained by 
using either 32P-dCTP or 32P-dGTP. Alternatively, strand-specific probes 
were obtained from poly[d(C-A)] · poly[d(G-T)] cloned in both orientations 
into the Hindi site of the M13 vector mplO. A labelled complementary 
strand was synthesized on the M13 vector sequence using a specific primer 
(Blolabs) which leaves the insert DNA single-stranded. 
In situ hybridization. In situ hybridization to polytene and metaphase chro­
mosomes was described by Hennig et al. (1982). Transcript in situ hybridi­
zation on testis squashes was described by Vogt et al. (1982). 3H-labeIled 
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cRNA was synthesized with either зн-СТР and эн-АТР or зн-GTP and 
3H-UTP to obtain strand-specific probes of poly[d(C-A)] · poly[d(G-T)]. 
Cytoplasmic in situ hybridization has been described by Huijser and Hennlg 
(1987). 
DNA sequencing. Selected as well as random restriction fragments of the 
various inserts were subcloned in the appropriate M13 vectors (Messing and 
Vieira 1982) and single-stranded templates were Isolated according to the 
protocoll s of Amersham (1984). The nucleotide sequence was determined by 
the dideoxy chain termination method of Sanger et al. (1977). 
Resalte 
Characterization of the insert of the DNA clone dhMiFI 
In an earlier publication (Hennlg et al. 1983) we described the recombinant 
DNA clone dhMiFI as a Y-associated DNA sequence which, according to our 
definition (Vogt and Hennlg 1983), is member of a family of repeated DNA 
sequences occurring in the Y chromosome and in other genomic posi­
tions (Fig. 1). In the earlier experiments, where labelled insert DNA of 
dhMiFI was hybridized to Southern blots of genomic DNA, we could not 
see any difference between the hybridization patterns obtained with DNA 
from females or males (Fig. 2b) (see also Hennlg et al. 1983). However, in 
these experiments uni abel led denatured salmon sperm DNA was Included as 
carrier according toDenhardt (1966). If salmon sperm DNA Is omitted from 
the prehybridizatlon and hybridization mixes, a more complex hybridization 
pattern is obtained (Fig. 2 a), which displays some male specific hybrid 
fragments. The hybridization pattern obtained in experiments with geno­
mic DNA derived from males with У chromosomal déficiences of various 
length reveal that the male specific restriction fragments are derived from 
a region distal in the long arm of the Y chromosome (Fig. 2c). This Y 
chromosomal location is consistent with the origin of the dhMiFI insert 
DNA, which was microdlssected from the lampbrush loop "threads" (locus 
A), located in that region of the Y chromosome (Hennig et al. 1983). Since 
in situ hybridization to neuroblast metaphase chromosomes also results in 
radioactive label in the respective region of the У chromosome (Fig. lb; 
Hennig et al. 1983), all data consistently indicate the distal part of the 
long arm of the У chromosome as origin of the dhMiFI Insert. 
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Since the insert of dhMlFl is derived from а У chromosomal lampbrush 
loop it is expected to be transcribed in primary spermatocytes. This was 
verified by transcript in situ hybridization experiments. 3H-labelled dhMlFl 
insert was hybridized to microscopic slides with squashed testes. Autora­
diography of these slides shows that complementary transcripts are located 
in У chromosomal lampbrush loop structures called "cones" (Fig. 3 a, b). 
The exact relationship of these structures to known fertility genes (Hack-
stein et al. 1982) is still unclear. Nevertheless, these structures are found 
In the T(X;Y)20/0 spermatocytes used for mlcrocloning (Hennig et al. 
1983). 
Sequence analysis of dhMiFI - related DNA fragments 
The strong in situ hybridization signal of 3H-labelIed dhMiFI DNA with 
neuroblast metaphase У chromosomes indicates the presence of multiple 
copies of the sequence Involved In hybrid formation. We, therefore, used 
dhMiFI for screening of our recombinant DNA clone banks obtained by 
mlcrocloning of the loop "pseudonucleolus" since the cones are usually 
closely associated with the pseudonucleolus (Huijser et al. 1987). Several 
clones were recovered and three of the inserts were subject to a more 
detailed analysis. The restriction patterns of these three clones (dhMiPit2, 
dhMiPIt4, dhMiPIIt9) were entirely different. Cross-hybridization experi­
ments after restriction of the inserts defined small regions of homology In 
the different clones (Fig. 4). The clone with the shortest defined region of 
crosshomology, dhMiP|t2, was entirely sequenced. Within the crosshybridi-
zing region several blocks of alternating CA dinucleotldes were found (Fig. 
5). Besides such prominent (CA/GT)
n
 repeats, also minor amounts of tan­
dem duplications of other di- or trinucleotides, such as (AG)
n
, (TA)
n
, 
(AAC),,, or (AGO,,, (n: approximately 5), are present in the flanking frag­
ments. Blocks of (CA/GT)
n
 were also found In the nucleotide sequences of 
the other clones. 
To test the relevance of (CA/GT)
n
 repeats for the observed hybridiza­
tion reaction on genomic DNA blots and in in situ hybridization experi­
ments we labelled commercially available (CA/GT),,. The results of such 
experiments are shown in Figures 6 and 7. (CA/GT)
n
 blocks determine 
essentially the hybrid pattern In genomic DNA digests (Fig. 6). Also the 
signals obtained by in situ hybridization are in the first instance created by 
the hybridization of (CA/GT)
n
 (Fig. 7). 
The question arises whether the DNA sections free of (CA/GT)
n
 re­
peats are also located in the respective У chromosome regions. In situ 
hybridization with a 1.35 kb Aval restriction fragment of dhMiP^ results 
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In hybrid formation within the У chromosome. This fragment carries a 
short block of (CA/GT)
n
. However, those short sequences probably do not 
form stable hybrids under the stringent conditions applied In our in situ 
hybridization experiments (Fig. 8 b, f). We therefore conclude that the 
hybrids found under such conditions reflect the presence of sequences 
other than (CA/GT)
n
. Another simple sequence found on this fragment Is 
(CT/GA)
n
. In situ hybridization of this purified sequence labelled the same 
У chromosomal region as (CA/GT)
n
 (R. Hochstenbach, unpublished data). 
In the Inserts of the microclones described here, (CA/GT)
n
 and (CT/GA)
n 
repeats occur closely linked, an observation which agrees with the overlap 
in in situ hybridization of both repeat types on the metaphase У chromoso­
me. We have not observed similar linkage In clones derived from other У 
chromosomal regions. The various arguments altogether strongly suggest 
the У chromosomal origin of the dhMlFl clone and its related clones isola­
ted from the microclone banks. 
As shown below, it will become a relevant question whether (CA/GT)
n 
repeats occur as direct repeats or also in an Inverted orientation within one 
strand. The sequencing data show a preferential orientation In one direc­
tion, but occasionally inverted orientations can be found (Fig. 5). 
Express/on in testis RNA 
If the dhMlFl sequence is part of the lampbrush loops "threads" which 
were microdlssected, then this lampbrush loop pair should carry transcripts 
of this DMA sequence. Miller spreading experiments demonstrated that the 
"threads" are transcribed over all their length (de Loos et al. 1984). Gro-
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1 gaat tecatttgcaataaagttcttaatatatttttcaatatttgttgtacatttttaag 
61 caagctaacaaatattcagatattaaaatatttgttaaattttcgggcaacaaatatttg 
121 gtgaatgccaaatattgggcacctatattaaaatatatagtaaattggaaaatagctcgc 
l8l atacagacaacacttaaaaatggcaaacaaattttgtttgctatgcQgag}tatabatata 
2Ц1 tttatatatafettgtgtttgtKtttgÏgttagtttttatgttKKtttagctgatKaaaaa 
301 cacattttgtgggcacacacgcacgcattagagcacattgtctgcat£tgt5Cgt_g_tgtg 
361 t^tg_t^agtgtataatatttcaagtacaagtacgcagttgaactgctgccaaaaaaaalg 
421 tgtgtatgtgcgtgctttgttttgttgttgatgtgataaacgcgtctagaattataatta 
4Θ1 aagcaaatctatgaatgcctgccaacacacacaaçcacacactcacacacacacacacat 
5^1 atgtgtgtgcgagactttttcgcattttacgtgctttcattaaaaatgaaaacattgcgc 
601 cttgaagtctctccccggaacgctggcacggcgtctgctaagcgtcgccaattctaagca 
661 gaccataaatgttgccacatacatatgtacacgtatgcgtgtgcgtgtgtataggtgtgc 
721 ctgtgtctcgacatgcccgaatgcgacatgttttagctaacgtctgagtgtctatçtgtg 
781 tgtgccttgccattaccattgccattgccttggttgttgcttgttgtaatcttggtaaÏa 
8Ί1 âccacaaaaattattacggttclttgttgttgttgctgttgctgttgttgttiJKCcagctt 
901 cagccttcacagtttgggcgtcccgttaccgtcgctgttttgcggctgctgttgttattg 
961 ttgtaagtgccaatattgtcattagagtggcttgttacgcaaaaagccgcagcaacgcgc 
1021 tacgagccgctgccaacgcaacaaaatgcggcaacatcttgcggcatttttcgcctttgc 
IO8I cgtcttttgttttcgtgtaagcgacacgttcacccaccgtctcgcacgcacagccagcca 
11*11 cccctgggctaactaactgcatcattattttcgtctttactttgttcattaaacgaacat 
1201 gaaacgttaatttaataaagtcaaattcggtgtggctgtggctggcggctctcgactctc 
1261 gactcgagccctcgacgctetgctggccctctggcaattctaattgaggcaagttaaaag 
1321 catggccagccatcatcaggctttgaagttgacgaatgacaaatgtcagtgggaatctcg 
I38I aatctctttaaattatatgataatccaatggaagcgagagagtaagaatgggagagtgca 
l^l BgacBaagBgattgtgtgacgtgtagataçagaçaçagggggagagataagaataaggaa 
I5OI gaaattcacactgagagBcagcaaaägtgaatcagagätaagccattctgtatatgaata 
I56I tacatggtattgatgctcgaagaggatagctgagaagagattgtgtagtgagtgtcagaa 
1621 gaaaattatettttcctaagaattgattgagagaagcaagagtaagagcaaggcaagcaa 
I68I tggaagtgacttatagctcgttgctaaaggataagttagtagaataacaaaggtatgaaa 
l.T*l gagatagacataaatataataaagaaagagagaaaagcagaaagtcaagagagacagagg 
I8OI tagctcttgtcgtatattaagccttgtcaaagttaacaaataactcttgactagttggaa 
I861 tagcgaactatttgtgtaaggtatgcaggcagattttgccaatacaagattgaagctcta 
192I aagtcaacatcaattgcacctgtaaatattaaacatacaactcaaatataattagatatg 
I98I gcacagctaaccaacggcaattgagccagaaattttgatacaatataaagggattacaag 
20Ί1 accgagccacatatgttcatcgggtttaagccatgctaaaactgaaagtgcataatcaca 
2101 gccacaggcgctgtggtgctctaagtggtcgttaagctttcaacgatagttgaaaccacc 
216I aaaatatcccaaccagccaccccggccaacaactcaacccgttcaacgaaacacgganac 
2221 tttttgccgcacacgtggcccagcagcaacaacaaagttcgaatgttgccaagccaaaac 
228I tgttggcacttttattagcataaatatttgtcaaattcgtalaacaacaacaacaataacE 
23Ί1 gcaacgataag 
21(01 
IcagcagcagcjaacaataacattcatKCgaaaagttt taagegt 11 te 
attggaaatgatttaacaaaaatgcgcatgctgtaggcatatgtctctctctctctctct 
2Ί6ΐ ctctctctcacatacBCccgca^acacatacacacaccttcacatactcacactcacáág 
252I ttccäctttgctgcgtaatgtgtttcagttäaatcg"aactcaagcttcattgccctcgcc 
258I cctgctggctgctgtttggctccttttgtcggctcgggttgttcaggttaaattgaagaa 
26^1 atgtgttctaattagccacacacacacacacacacacccacacac^acacacjicacacíi 
27OI cacacacacacacacacacacacacacacacccacacttgcgctcacacatgctgcacüg 
2761 caacagtctacgccagccacgcctcactccgctgccacccccaacccttagcgggcaajg 
282I tttgagctgccaaaaacttgttgttaaagtcgcattagccggttaaaggtatacgagtac 
288I Btggctaatgagcagcgcatcgctcttaacaaagcgaaa5gaggccaagttaaatLtatt 
2Э^1 gtttggctggccgaaataagccacgaaaaggtttcgtaagctaatttcaaaaagggtttg 
ЗООІ gctcatgcatagcaagcagcaaaaaaagcggctaaaacaaggctaaeactaactagaanc 
ЗО6І tatgttaatgcccgagttgagagcacttattgtagctgtcagagctgtttgcttgttgtc 
ЗІ2І tagcctaggc^ltaaaagcacccccaagcgtccccaaaccaacccctataacatcgcttg 
318I acttcttttttttatgccagcgaaacagagcgaaaagtgagca3cgaa3tgttggtagtt 
3241 aa3tttgccgcggactatttggcttgactattgatgtgcgcglattaaa3catttt2atg 
ЗЗОІ cagca2ca3ca3cB3|eagcagcagcagcagcggcag^aacattcagtggacaacttgtag 
ЗЗ6І ccattgctgcctcggatctgcttcgagttccggctgcggacaacaatgaagccttaagtg 
З'Ш gacttttattgacttttagtcaaaBcgaatttcgacaatttatcgaacacagttcgccgc 
З^вІ gtgttcattatgcaaacgtcataatgaaKttgttKaltgctgctgctgctgcltgataatgt 
ЗЗ
1
*! tgttgctgccgctgaggacagcacgttcagcttgtaatggaattggcgaggtgggcgtgt 
36OI cagggactgtcattcgcctagctcatcaatttcgcatttgttttgaatgaccaacgctgc 
З66І tcagtcaactgttgatgcacttactttacccaacatttaattatgtaagaagaaaaactg 
3721 ttttcatctgaaattaagtagcagcagagacgcaaaacttagatgaaaatctaatttttc 
3781 ttgtttgaattc 
Flg.S. Complete nucleotide sequence of dhJvllPjtZ. Runs of (CA)
n
 and (GT)
n
 are marked by a 
dashed line be low the sequence. Runs of (CT)
n
 and (GA)
n
 are marked by a dotted line below 
the sequence. Some other repeated simple sequences are boxed (see text) . Uncertainties in 
the nucleotide sequence: 1: possibly C; 2: possibly T; 3: possibly A; 4: possibly G 
wing transcripts can be detected with transcript in situ hybridization. As 
expected, such experiments display a hybridization of dhMiFl and the rela­
ted cloned sequences with transcripts In the Y chromosomal region where 
microdissection was carried out (Fig. 3). With dhMiFl and its related clo­
nes as well as with (CA/GT)
n
 repeats, hybrids are found on the Y chromo­
somal structures "cones" which are located at the distal end of the threads. 
These structures are also present in the strain used for microdissection 
(Hennlg et al. 1983). The dhMiFl sequence and that of the related clones 
are present in the distal region of the long arm and they are expressed in 
transcripts. 
The use of purified (CA/GT)
n
 repeats in hybridization experiments 
allow an easy assay of the strand-specificity of transcription. Radioactive С 
and A was used in cRNA synthesis to label one strand, radioactive G and U 
to label the antlstrand. Transcript In situ hybridizations revealed differen­
ces in the location of the respective complementary transcripts: While 
CA-labelled probes reacted very strongly with the cones (Fig. 9 a, b), GU-
labelled strands react much less intense with the "pseudonucleolns" (Fig. 
9 c, d). Whether labelled CA also reacts with the pseudonucleolus, is diffi­
cult to determine because of the strong signal Induced in the cones. How­
ever, since the pseudonucleolus occasionally is separate from the cones, it 
could be established that transcripts with sequences complementary to 
(CA)
n
 are also found within the pseudonucleolus, although the signal Is 
much less Intense than that obtained in the cones. In summary, transcripts 
with (Gll)
n
 are found within the pseudonucleolus and the cones, while 
transcripts with (CAin repeats occur only In the pseudonucleolus. 
An important observation in our transcript hybridization experiments is 
that transcripts complementary to (CA)
n
, but not transcripts complemen­
tary to (GT)
n
 are found associated with the protein bodies In early sperma­
tid nuclei (Fig. 10). This is the first case in our experiments that we obtai­
ned hybridization in the postmelotic nuclear compartment. 
Investigation of transcripts In testis RNA on Northern blots are con­
sistent with these observations. CA -labelled probes strongly react with 
total testis RNA (Fig. 11 c). Comparable amounts of RNA from carcass or 
females give only a relatively slight reaction. Also GT-labelled probes 
react preferentially with testis RNA but much weaker compared with CA 
(Fig. 11 d). Within the hybrid pattern in testis RNA some RNA species of 
discrete sizes are preferentially labelled besides RNA of a very heterogene­
ous length distribution (Fig. 11). Since some of these more abundant RNA 
species preferentially react with a dhMiFl probe (Fig. 11 a), these RNA 
species of discrete length are identified by sequences other than (CA/GT),, 
repeats. 
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To determine the genomic origin of the testis RNA reacting with the 
(CA/GT)n probe, we isolated RNA from testes of different T(X;Y)/0 males 
and carried out Northern blots. The reaction of this RNA is comparably 
strong as that of RNA from wild-type testes. Therefore, a major contribu-
tion to this RNA must come from chromosomal sites outside the Y chromo-
some. 
Discussion 
Earlier (Huijser et al. 1987, chapter IV of this thesis) we demonstrated that 
(CA/GT)n repeats in polytene chromosomes are transcribed in specific loci. 
In this paper we described a highly active transcription of such DNA se-
quences during male germ cell development. The transcripts include RNA 
species of many different sizes but also some prevalent RNA species of 
discrete sizes are present in testes. The nature of these transcripts is 
unclear. At least some of the transcripts include nucleotide sequences 
other than (CA/GT),,, as becomes evident from the hybridization pattern of 
dhMlFl. 
Also the chromosomal origin of the transcripts is, at least in part, un-
known. From transcript in situ hybridization (Fig. 3 a, b) we know that 
some transcripts are synthesized in the Y chromosomal lampbrush loops 
"cones" and "pseudonucleolus". Whether the transcripts detected in the 
cytoplasm are derived from these loops is not known (Fig. 3 c, d). Experi-
ments with testes of X/O males, however, show that major contributions 
of the transcripts of (CA/GT),, repeats are made from genomic sites out-
side the Y chromosome. 
It also remains an open question which portion of the Y chromosomal 
(CA/GT),, repeats is transcribed. In situ hybridization to metaphase Y 
chromosomes revealed that the Y chromosome carries a large block of 
(CA/GT)n repeats (Fig. 7). A major portion of these (CA/GT)n repeats 
occur either as a contiguous cluster or are interspersed with minor amounts 
of other sequences. This can be derived from DNA blots which always 
display a strong male specific hybridization signal In a position of undige-
sted DNA (Fig. 6). This indicates that few if any restriction sites are pre-
sent in this DNA. The use of T(X;Y)/0 males in restriction digests (Fig. 
6) allows to assigne an approximate position in the Y chromosome to the 
(CA/GT)n cluster. Since it is only present In T(X;Y) strains with the distal 
part of the long arm (i.e. T(X;Y)7, T(X;Y)20, T(X;Y)33) the (CA/GT)n block 
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mast be located in a distal region of the long arm. This is also indicated 
by the results of in situ hybridization to metaphase chromosomes. The 
(CA/GT),, block can be even more precisely located since strain T(X;Y)7 
has a decreased intensity of hybridization signal which means that in this 
translocation the (CA/GT)
n
 block is in part deleted. Hence the major 
portion of the Y chromosomal (CA/GT)
n
 repeats resides in region 2 (see 
Hennig 1985 and Hacksteln 1987), close to the lampbrush loop "pseudonu­
cleolus". 
Whether this (CA/GT)
n
 cluster is included in the lampbrush loops and 
whether It is - partially or entirely - transcribed cannot be decided since 
we have no method to locate it more precisely. Also evidence from the 
molecular analysis of the respective region of the Y chromosome is hardly 
to expect since this cluster would resist recovery in recombinant DMA 
experiments. The data shown In Figure 6 argue against a position of the 
(CA/GT),, cluster much more proximal in the long arm of the Y chromo­
some than in the region of the "pseudonucleolus" (locus C) because trans­
location T(X;Y)48 carries a long proximal portion of the long arm, but 
does not carry much (CA/GT),, (cf. Hennig 1985, Hacksteln 1987). We 
cannot exclude, therefore, that the entire (CA/GT)
n
 cluster is In the region 
of loci В and С (cones and pseudonucleolns). In this case it may be tran­
scribed In its entirety. 
Our transcript in situ hybridization experiments allow some conclu­
sions on the mode of transcription of (CA/GT)
n
 repeats. The labelled CA 
strand hybridizes preferentially with the cones but also - to a lesser ex­
tent - with the pseudonucleolus. If GT is the labelled strand, hybridization 
is restricted to the pseudonucleolus while the cones are unlabelled. These 
observations allow different interpretations depending on whether the 
respective region of the У chromosome represents a single or several 
transcription units. In any case, the transcription pattern requires to as­
sume a regional dissection of the (CA/GT)
n
 repeats In the chromosome 
since In the region of the cones mainly CA sequences are transcribed while 
in the pseudonucleolus GT and CA strands are transcribed. 
In the (unlikely) case that cones and pseudonucleolus form a single 
transcription unit, two different arrangements of the (CA/GT)
n
 repeats 
within this chromosome region are possible depending on the direction of 
transcription. If the transcription initiates at the side of the cones, i.e. 
proceeds from distal to proximal within the long arm, then mainly CA 
sequences are transcribed within the cones. Later during transcription (in 
the region of the pseudonucleolus) also GT stretches are found in the 
coding strand since labelled GU probes react exclusively within the pseudo­
nucleolus. Consequently, the GU-rich transcripts from the cones must be 
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removed from the growing transcripts by splicing before the transcripts 
enter the pseudonucleolus. An easier explanation applies if transcription 
starts proximal in the Y chromosome. I.e. In the region of the pseudonu­
cleolus. In this case, the transcripts may have copies of GT stretches 
either only in the region of the pseudonucleolus or over all their length, 
but GU transcribed from CA stretches would have to be restricted to the 
distal part of the transcripts, i.e. the cones. This latter possibility, howe­
ver, Is almost excluded since T(X;Y) translocations exist which display only 
the cones but not the pseudonucleolus (judged either by cytology or by 
transcript in situ hybridization). This means that the Initiation of transcrip­
tion does not require the presence and transcriptional activity of the region 
of the pseudonucleolus. The promoter must hence in this case be located 
between the lampbrush loops threads and cones. 
It is most likely that cones and pseudonucleolus represent at least two 
different transcription units. In this case the interpretation of our observa­
tions after transcript in situ hybridization is straightforward. The cones 
represent a transcription unit where (CA/GT),, stretches occur in one 
preferential orientation and the DNA strand with CA runs is transcribed. In 
the pseudonucleolus both orientations of the (CA/GT)
n
 repeats coexist and 
both labelled CA and GT can hybridize to the growing transcripts. It could 
be argued that the pseudonucleolus carries several transcription units with 
opposite orientation of the (CA/GT)
n
 repeats. However, in Miller spreading 
experiments it was demonstrated that the pseudonucleolus Is a giant tran­
scription unit approximately 1500 kb in length (de Loos et al. 1984). 
The high content in (GU)
n
 of the transcripts in the cones explains an 
earlier observation. By autoradiography of testis squashes after pulse-la­
beling flies with 3H-uridlne it was established that the cones are particu­
larly active in incorporating the 3H-uridine (Hennlg 1967). This can now be 
explained by the high content in II of the respective transcripts. 
It is difficult to assess the biological relevance of the high level of 
representation of (CA/GT)„ in transcripts In testes. Although it may repre­
sent an accidental co-transcription with adjacent coding sequences as it 
has been suggested for the transcription of repeated DNA sequences in 
oogenesis (Diaz and Gall 1985), several observations argue against this. 
First, it seems a general property in the male germ line of Drosophila that 
(CA/GT),, Is highly represented in transcripts. Second, in those species 
which have been studied by transcript in situ hybridization, a У-specific 
expression of (CA/GT)
n
 has consistently been found, although no blocks 
comparable in size to that of D. hydei (CA/GT) „ repeats exist in the Y 
chromosomes of some of the species, for example D. melanogaster, and 
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although the Y chromosomal heterochromatln in general appears to be 
devoid of - or poor in - (CA/GT)n repeats (see also Huijser et al. 1987). 
A third relevant aspect In this discussion is the interaction of labelled 
(CA),, with postmeiotic nuclear structures. After transcript in situ hybridi-
zation we observed signals of labelled (CA)n probes on the protein bodies 
in spermatid nuclei. The protein bodies are stage-specific nuclear organel-
les which are suspected to be related to the process of chromatin reorga-
nization during and after melosis (Kremer et al. 1986). No evidence is avai-
lable that these protein bodies contain RNA (Hennig 1967; Grond 1984), 
however minor amounts of RNA may have escaped detection. We must, 
therefore, consider two alternatives to explain the interaction of (CA)n 
with the protein bodies. First, the protein bodies may contain transcripts 
with a high content in (GU)n but not of the complementary sequence since 
no reaction occurs with GU-labelled probes. Second, the Interaction of the 
labelled CA probes may occur at the protein level. 
An observation relevant for this discussion, has been made in D. mela-
nogaster (Fig. 12). In this species, labelled GU probes react heavily with 
the heads of elongated spermatids after transcript in situ hybridization. (A 
comparable reaction has so far not been obtained in D. hydei.) On the 
explanation of these observations can at present only be speculated. It 
seems very unlikely that the interaction of labelled (GU)n In the spermatid 
heads is based on a hybridization with an RNA since elongated spermatid 
heads contain hardly much RNA which would be accessible for hybridiza-
tion. We prefer therefore the interpretation that (GU)n interacts with 
specific proteins. Then the question arises why earlier postmeiotic stages 
do not interact with (GU),,. An easy explanation is to assume that these 
proteins are at earlier developmental stages masked. This, for example, 
could be be caused by an interaction with an RNA rich in (GU),,. If this 
interaction is released during advanced spermatid development, the proteins 
could become accessible for the Interactions with external (GU)n. One 
might consider that such chromosomal proteins are related to the universal 
presence of (CA/GT)n repeats In the eukaryotlc genome. The interaction of 
labelled (CA),, with the protein bodies in young spermatid nuclei could be 
due to the (partial) release of (GU)n- containing RNA molecules from 
associated proteins during the early steps of chromatin reorganization. This 
interaction would then represent a real hybrid formation. Such a model 
would also be suited to define a biological function for transcripts rich in 
(CA),,. 
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CHAPTER VI 
Rlbosomal DNA-related séquences 
In а У chromosomal lampbrosh loop of Drosophila hydei 
Peter Hatjser and Wolfgang Hennig 
This chapter is pabllshed In: 
Molecalar and General Genetics 206:441-451 (1987) 
Abstract. Microdissection and microcloning of the У chromosomal lamp-
brush loop pseudonucleolus from primary spermatocytes of Drosophila 
hydei allowed the Isolation of copies of a 0.2 kb tandemly repeated DNA 
sequence family (dhMiP14.1). In situ hybridization confirmed its origin from 
a distal position in the long arm of the У chromosome. Transcript in situ 
hybridization showed that at least some of the repeat units are part of the 
transcripts of lampbrush loops. The characterization of this DNA sequence 
revealed cross-homology t o the ß2 region of the 26S rRNA gene, 600 bp 
downstream of the intervening sequence (IVS) insertion site. The cloned 
DNA sequence, however, cannot be part of the rDNA repeats since it oc-
curs as a 0.2 kb tandem repeat in the У chromosome. We therefore named 
the DNA sequence the "rally" (ribosomal and lampbrush loop У chromo­
some) sequence. The different repeat units of the 0.2 kb sequence display a 
moderate degree of divergence. They are not found in the closely related 
species D. neohydel or D. eohydei, nor in D. melanogaster. We assume that 
this У chromosomal DNA sequence is the result of a recent transposition 
into the У chromosomal location, followed by an amplification event. It is 
an important observation that the 0.2 kb sequence also occurs in the neigh­
bouring lampbrush loop "threads". Since other DNA sequences are also 
found In both loops, the assumption of a functional relationship between 
both loop pairs, derived from genetic observations, is further supported. 
Introduction 
Early cytogenetic data revealed that the function of the У chromosome of 
Drosophila Is restricted to the germ line of males, where it is indispensa­
ble for the differentiation of fertile sperm. Though spermatogenesis has 
been well studied at the ultrastructural level the biochemical processes 
occurring during sperm morphogenesis are still widely unknown. Also the 
function of the У chromosome in this process is still unclear. It has been 
shown that У chromosomal genes are transcribed in primary spermatocytes 
(Hennlg 1967). The transcriptional activity of the У chromosome is accom­
panied, in particular in D. hydei, by the development of large lampbrush 
loops in the primary spermatocyte nucleus. These loops constitute a consi­
derable part of the У chromosomal DNA (cf. Hennig et al. 1974). Because 
of the difficulties in recovering У chromosomal DNA sequences (see Vogt 
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and Hennig 1983) we carried out microdissection of У chromosomal lamp-
brush loops and mlcrocloned these by the technique of Scalenghe et al. 
(1981) (for details see Hennig et al. 1983). The DNA sequences recovered in 
this way were analysed by hybridization t o genomic DNA blots of males 
and females. This analysis revealed the presence of two types of DNA 
sequences in the У chromosome, one being specific t o the У, the other one 
being shared with other genomic sites (Vogt and Hennig 1983; Hennig et al. 
1983). In studying recombinant DNA clones recovered from the У chromoso­
mal lampbrush loop pair "pseudonucleolus" we identified a number of 
closely related DNA sequences with cross-homology to rRNA sequences. 
This family of sequences is described in detail. The results are related to a 
study of other lampbrush loop DNA sequences (Vogt and Hennig 1986 a, b) 
and discussed in the context of evolution of the У chromosomal lampbrush 
loops. 
Materials and methods 
Drosophila strains. For microdissection of the lampbrush loop pseudonu­
cleolus we used T(X;Y)37/0 males, carrying loci A-Ε In the У chromosomal 
part of the translocation. In flies of such a constitution, the Isolation of 
this loop is favourable since only the lampbrush loops "threads" and "pseu­
donucleolus" are present in the spermatocyte nucleus. The construction of 
T(X;Y)/0 males from various translocation strains and details of their con­
stitution were described by Hackstein et al. (1982) and Hackstein and Hen­
nig (1982). The wild-type strains of D. hydei, D. neohydei, D. eohydei and D. 
melanogaster, Canton S, were from our laboratory collection. 
Microcloning. The microcloning method described by Hennig et al. (1983) 
was applied. A more detailed description of the clones recovered in the 
recent experiments is In preparation (P. Huijser, W. Hennig, J.-E. Edström, 
and H. Jackie, unpublished data). 
Isolation of nucleic acids. For large-scale DNA extraction from male and 
female files we followed the procedure described by Barnes et al, (1978) 
with minor modifications (see Vogt and Hennig 1986a). 
Small-scale DNA extraction from the translocation flies was performed 
with 50-100 flies. The flies were homogenized with a glass rod in an Eppen-
dorf vial (1.5 ml) In 500 μΐ of 100 mM Tris-HCl, 100 mM EDTA, pH 8.2, 
with 250 μg/ml pronase E (Merck, Darmstadt). The homogenization was 
carried out on ice. Then, Sarkosyl was added to a final concentration of 1%. 
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After incnbation for 1 h at 65° С the horaogenate was centrifnged for 10 
min at 10,000 rpm in a Sorvall HB4 rotor at 4° C. The supernatant was 
transferred to a fresh Eppendorf tube and the pellet was re-extracted with 
200 μΐ buffer under the conditions described above. After centrifugatlon 
both supematants were pooled, proteinase К (Merck) was added to a final 
concentration of 500 \ig/m\, and incubation was repeated for 1 h at 65° C. 
After two extractions with 1 vol. distilled phenol and one extraction with 1 
vol. Sevag (chloroform/ isoamylalcohol, 24/1) for 5 min each by slow 
rotation, the mixture was centrifugea for 10 min at 10,000 rpm in a Sorvall 
HB4 rotor at 4° C. Avoiding contamination from the interphase, the water 
phase was collected and, after transfer into an Eppendorf tube, incubated 
for 30 min at 37° С with 100 μg/ml pancreatic RNase (Merck). Subsequent­
ly it was layered on top of a 3 ml cushion of 10% potassium acetate in I χ 
ТЕ buffer (1 χ ТЕ is 10 mM Tris, 1 mM EDTA, pH 7.8), and centrifuged for 
16 h at 40,000 rpm and 15° С in an IEC SB405 rotor. The supernatant was 
carefully removed with a pipette and the pellet was dissolved in 500 μΐ ТЕ 
buffer at 65° C. RNase was added to a final concentration of 50 \ig/mi and 
the mixture was Incubated for 20 min at 37° С Then proteinase К (Merck) 
was added to a concentration of 250 μ§/πι1 and the incubation was continu­
ed for another 2 h. After one extraction with phenol and one extraction 
with Sevag as described sodium acetate was added to a final concentration 
of 0.2 M. The DNA was then precipitated with 2 vol. Ice-cold ethanol and 
stored for 20 min at -70° С The pellet, after centrifugatlon for 20 min at 
10,000 rpm in a Sorvall HB4 rotor, was washed twice with 200 μΐ 70% 
ethanol and dried. Finally the DNA was dissolved in 0.5 μΐ TE buffer per 
homogenized fly. 
DNA isolation of recombinant phages and of plasmids was carried out 
following standard procedures as described by Manlatis et al. (1982). 
Total RNA from female flies, testes and male carcasses (i.e., males 
after dissection of the testes) was Isolated according to Chìrgwln et al. 
(1979) after homogenlzatlon of the tissues in 7.5 M guanidinlum-HCl. 
Hybridization of nucleic acids. DNA fragments from restriction digests 
were separated on horizontal 1% agarose gels according to Maniatis et al. 
(1982). 
DNA blotting, labelling by nick translation and hybridization were 
carried out as described by Vogt and Hennig (1983). However, in the pre-
sent experiments sperm DNA was omitted from the (pre-)hybridization 
mixtures (with the exception of the blots shown in Fig. 1). 
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Denatured RNA (20 (ig/slot) was separated by length blotted onto 
nitrocellulose and hybridized as described by Thomas (1980). 
In sita hybridization. In situ hybridization of metaphase chromosomes, 
polytene chromosomes and spermatocyte squashes was carried out as 
described by Hennlg et al. (1982). As a probe we used a 3H-nick-translated 
insert of dhMiPH.l. The specific activity was approximately 8 χ IO6 cpm^g. 
The specificity of the reaction and hybrid formation with transcripts were 
confirmed in control experiments with single-stranded probes, where only 
one strand displayed a reaction in spermatocyte nuclei. 
For the cytoplasmic in situ hybridization experiments the methods of 
Akam (1983) had to be modified for our system. Standard procedures as, 
for example, applied to Drosophila embryonic tissues are not suitable since 
the cytology of the spermatocyte nuclei is seriously destroyed. The follo­
wing procedure gave the best results. Dissected testes were placed in 
Bouin fixative overnight. Then they were transferred through Increasing 
ethanol concentrations into absolute ethanol and stored at -70° С for 24 
h. Subsequently the testes were embedded in metacrylate according to 
standard procedures. Sections of 1 \im were transferred onto gelatinized 
slides and kept at 50° С for 1 h to achieve a good contact between the 
sections and the slides. Metacrylate was removed by incubation in xylene. 
Preincubation was carried out according to the protocol of Akam. In short, 
slides were treated for 20 min in 0.2 N HCl at room temperature. After 
washing with distilled water and 2 χ SSC (at 70° C) the slides were incuba­
ted with 0.1 μg/ml proteinase К for 10 min at room temperature, then for 
30 s with 2 mg/ml glycine In PBS buffer and, after washing in PBS, for 20 
min in 4% paraformaldehyde in PBS at room temperature. After repeated 
washing, slides were acetylated for 10 min in 0.1 M triethanolamine, pH 8, 
by adding acetic acid (0.125 ml per 100 ml) and further incubation for 10 
min. After washing in PBS slides were transferred into absolute ethanol 
and stored in a desiccator. Hybridization was carried out with 10 μΐ per 
slide of the incubation mix [200,000 cpm/10 μΐ labelled probe, 50% forma-
mide, 0.6 M NaCl, 1 χ TE buffer, 1 χ Denhardt's solution (Denhardt 1966), 
10X dextran sulphate, 0.5 mg/ml Escherichia coli tRNA (Merck, Darmstadt) 
0.1 mg/ml poly(A)] at 44° С for 24 h. After extensive washing in 2 χ SSC 
at room temperature, the slides were transferred to absolute ethanol and 
dried In a desiccator. Exposure was from 1 up to 25 weeks. 
The specificity of the reaction is indicated by the tissue specificity of 
hybrid formation (only primary spermatocytes, and - for some cloned seq­
uences - early spermatids react). Moreover, all results with clones from 
different regions of the У chromosome are consistently identical irrespec-
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tive, of whether transcript in situ hybridization or cytoplasmic in situ 
hybridization is carried out. 
DNA sequencing. For the determination of nucleotide sequences we used 
the dideoxy chain termination sequencing method of Sanger et al. (1977). 
Restriction fragments were subcloned in the appropriate M13 vectors con-
structed by Messing and Vieira (1982), according to the laboratory proto-
cols published by Amersham (1984). 
Results 
Isolation and identification of Y chromosomal DNA sequences 
The X-Y translocation T(X;Y)37 was chosen for microdissection of the 
lampbrush loop pair pseudonucleolus because of the favourable cytology of 
the spermatocyte nucleus. Cytologically it only displays the threads and 
pseudonucleolus loop pairs. Therefore, microdissection of the pseudonucle-
olus is easier than In the wild type and accidental contamination with DNA 
of other ( Y chromosomal) origin is less likely. 
In two microcloning experiments 1,330 and 600 recombinant clones 
were recovered from a total of 580 and 312 microdissected loop pairs, 
respectively. Approximately 50% of these clones have detectable Inserts. 
The screening of these clones, which were designated as dhMiP, was car-
ried out as described before (Hennlg et al. 1983). To reduce the experimen-
tal effort of screening 1,330 clones we pooled them In batches of 10, isola-
ted DNA from these batches and used it, after nick translation, as a probe 
in hybridization experiments with EcoRI-restricted genomic DNA of D. 
bydel. The hybridization patterns with DNA from males and females were 
compared. Of those batches displaying prominent male-specific hybridiza-
tion patterns, five batches were selected. They displayed similar hybridiza-
tion patterns with genomic DNA. The clones responsible for the male-spe-
cific response were isolated by screening the DNA of single plaques on 
restriction blots as described before. The hybridization pattern obtained 
with the five isolated clones revealed that, besides a complex pattern with 
DNA of males, some hybridization also occurs with DNA of females (Fig. 1 
a, c). Stringent washing of the genome blots (Fig. 1 b, d) demonstrated 
that the degree of homology with DNA sequences from females is limited. 
Further characterization of the five clones by restriction analysis sho-
wed that the clones belong to the same family of repeated DNA sequences. 
The basic repeat length is approximately 0.2 kb and the organization is in 
The rally sequence family 87 
tandem repeats as Xhol digests demonstrate (Fig. 1 c, d). The multimene 
fragments in Figure 1 display some sequence heterogeneity of the repeat 
units. The basic repeat units of this repeated DNA sequence family are 
relatively well conserved as is Indicated by the almost complete cleavage 
to small fragments by Xhol. This is in contrast to other Y chromosomal 
repeated DNA sequence families, as for example demonstrated for the ayl 
family (Vogt and Hennig 1986a, b). 
In further studies we concentrated on the two clones dhMiP14.1 and 
dhMiP47.10. They have inserts of 1.8 and 5.4 kb, respectively. dhMiP14.1 is 
the clone with the largest Insert obtained from this repetitive DNA sequence 
family. Clone dhMiP47.10 contains two 0.2 kb fragments of the dhMiPU.l 
sequence family, which were subcloned and investigated further. 
Homology with rDNA 
The hybridization of dhMiPH.I with a 2.5 kb EcoRI fragment in genomic 
DNA suggested an homology with rDNA (Fig. la, b). In females this signal 
Is about twice as strong as in males. The 2.5 kb EcoRI fragment, on the 
other hand, is absent from the DNA of T(X;Y)/0 males, which are devoid 
of the nucleolus organizer region in the X chromosome (see below and Fig. 
6). The 2.5 kb EcoRI fragment of rDNA is derived from rDNA repeats with 
an intervening sequence (IVS). Such repeats are located in the X chromo­
some (Renkawitz-Pohl et al. 1980), Another 6 kb EcoRI fragment also 
hybridizing in DNA blots, though with a lower intensity, is derived from 
the rDNA repeat without IVS. From these observations we concluded that 
dhMlP14.1 may in part be homologous to rDNA. We, therefore, named this 
DNA sequence the "rally" sequence (ribosomal RNA and /ampbrush loop of 
the У chromosome-like sequence). 
To confirm this we hybridized rally DNA to restriction fragments of 
two rDNA clones of D. hydei, dhPRó and dhPR21, which contain sections of 
the rDNA repeats with or without IVS (Hennig et al. 1982, and Flg. 2). The 
hybridization patterns indicate that rally is homologous to a region of the 
26 S RNA coding region indicated in Figure 2. In rDNA repeats without IVS 
this section of the 26 S DNA is located In a 6 kb EcoRI fragment (Fig. 2). 
In repeats with IVS, another EcoRI fragment of 2.5 kb is generated from 
the same region of the 26 S sequence (see Renkawitz-Pohl et al. 1980). The 
insert of dhMiP14.1 is entirely composed of approximately 0.2 kb tandem 
repeats (see below). The homology to the 26S rDNA must therefore be 
restricted to a 0.2 kb section or less. To permit a precise identification of 
the respective nucleotide sequences, some of the rally repeat units, one of 
the two 0.2 kb EcoRI fragments of the clone dhMiP47.10, and the corre-
sponding part of the 26S rDNA were sequenced. The complete nucleotide 
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Pig. l a - d . Hybridization of rally t o b l o t s 
of EcoRI- and X h o l - d i g e s t e d genomic 
DNA of £>. hydcl m a l e and female flies. 
The m o l e c u l a r -weight m a r k e r was H i n d l l l -
d i g e s t e d λ DNA ( to t h e lef t) . The arrow­
heads indicate t h e hybridization t o EcoRI 
rDNA f r a g m e n t s in t h e female g e n o m e . 
The t a n d e m organizat ion of t h e rally 
r e p e a t e d DNA s e q u e n c e family is m o s t 
c lear ly i l l u s t r a t e d by t h e p a t t e r n wi th 
genomic DNA of males a f te r Xhol d iges t i ­
o n ( r ighthand p a r t of t h e figure). A u t o r a d i o -
g r a p h s were m a d e a f te r -washing t h e b l o t s 
in (a and o) 2 χ SSC 0.1% SDS a t 6 8 ° С o r 
(b and d) 0.1 χ SSC 0.15Í SDS a t 6 8 ° C. 
Note t h a t t h e rDNA bands d isappear a f te r 
s t r i n g e n t washing, -while t h e p a t t e r n 
derived from t h e rally DNA sequence 
family remains a l m o s t unchanged 
Pig. S a - o . Localizat ion of t h e rally r epea -
t e d DNA sequence family by in s i tu hybr i -
dizat ion on neu rob l a s t m e t a p h a s e c h r o m o -
s o m e s . The a r rowheads indicate hybridiza-
t ion in t h e dis ta l pa r t of t h e long a rm of 
t h e V ch romosome , a 3 weeks exposu re , b 
and о 3 m o n t h s e x p o s u r e . Bar r e p r e s e n t s 5 
μχη 
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Flg. 6. Hybridization of labelled rally DNA t o 
% * H t * i 
0, 
ч·· 
5» b lots o f EcoRI-dlgested genomic DNA from 
several ΤΥΧ,-Υ? strains carrying different 
parts of the Y chromosome. Hybridization t o 
DNA o f females OOO and males (XY) o f the 
wild type Is shown In the first t w o lanes. 
The third lane shows hybridization to geno­
mic DNA of males without a Y chromosome 
(XO). The rightmost six lanes represent DNA 
of the following translocation strains: T(X;Y)7, 
T(X;Y)20 and T(X;Y)33 with the distal por­
tion o f the long arm of the Y chromosome. 
According t o Hackstein and Hennlg (1982) 
they carry the active genetic loci A, AB, or 
ABC, respectively. T(X;Y)*8 and T(X:Y)S2 
with the proximal part of the long arm and 
the complete short arm of the Y chromosome. 
They carry active genetic loci N-Q and O-Q, 
respectively. T(X;Y)S8 with the short arm of 
the Y chromosome carries only an active 
locus Q, The marker was HindXII-digested Λ 
DNA (to the left). Note the absence of 
hybridization with the 2.5 kb fragment In the 
genomic DNA of the translocation strains 
without the heterochromatlc arm of the X 
chromosome. These strains (all translocation 
strains) have no X chromosomal nucleolus 
organizer region and, therefore, no rDNA 
genes with I VS. The EcoRI fragment Is hence 
absent. This a lso proves that the IVS sequen­
c e s found in the Y chromosome are not 
present in rDNA repeats. Note also the low 
signal of the 6 kb band of females (XX), 
which represents rDNA copies without IVS. 
The number of rDNA repeats without IVS In 
our strains of wild-type D. hydet must hence 
be lower than Indicated by Kunz et al. (1981) 
Pig. 7a-f . Transcript in situ hybridization of 
3 H-label led rally DNA in spermatocyte 
nuclei. The figures were selected t o al low 
recognition of the cytology of the V chromo­
somal loops beneath the label. Note the 
diffuse label associated with the loop pair 
"threads" In wild-type spermatocyte nuclei 
(a-d). It must be taken Into account that 
the compact part of the threads contains 
only protein (see Hennlg 1985) and that the 
giant transcripts (de Loos e t al. 1984) reside 
In the 'diffuse matrix' of the threads -wich 
surrounds the compact part. Here, the label 
Is concentrated. Control experiments with 
spermatocytes lacking the threads confirmed 
this localization of the transcripts. Occasio­
nally label Is associated with the "cones" 
and in the surroundings of the "pseudonucle-
olus". In spermatocyte nuclei of T(X;Y>74SO 
males label Is a lso found over the modified 
and l e s s compact "pseudonucleolus" (e - f). 
Spermatocyte nuclei of this constitution 
contain only the loop pair "pseudonucleolus". 
Phase-contrast pictures are t o the left, 
bright-field pictures, showing the label more 
clearly, are t o the right. Th, threads; Ps, 
pseudonucleolus; NO, nucleolus. Bar repre­
s e n t s S μπι 
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Ps Pv H H Pv H E- E HhrtiHhrtiHhHhrti H H E Ps 
Ρΐβ. 2. Restriction map of rDNA repeat of D hydei (modified after Hennig 
e t al. 1982) with indication of the IVS insertion site. A complete rDNA 
repeat unit, delimited by PstI restriction s i tes (indicated in the map as Ps 
and Ps') is present In clone dhPR21. The IVS contains one additional PstI 
restriction s i te (Ps"). The section of the rDNA repeat between Ps" and Ps' 
was cloned In dhPR6. The EcoRI s i tes defining the sequenced 2.5 kb frag­
ment of dhPR6 are marked by an asterisk. The 26S β region sharing partial 
homology with rally is cross-hatched. Restriction s ites: E, EcoRI; H, Hindlll; 
Hh. Hhal; Ps. Pstli Pv, PvuII 
sequence of the 2.5 kb EcoRI fragment of dhPRó (see Fig. 2) is shown In 
Figure 3. The sequence comparison with dhPR21 shows that the 26S $2 
rRNA coding region starts at nucleotide position 154. The first nucleotide 
of the EcoRI site within the IVS is considered as nucleotide position 1. The 
3'-terminal nucleotide of the 26S coding region was defined by comparison 
with the D. melanogaster sequence as determined by Mandai and Dawid 
(1981). 
A precise alignment of the rdlly and 26S ^2 sequences (Fig. 4) estab-
lishes that the exact positions of homology are located 600 nucleotides 
downstream of the IVS insertion site. The homology extends from nucleo-
tide 753 to nucleotide 922 in the 26S $2 sequence. Divergence of the rally 
repeat units from the rDNA is mainly due to single base substitutions or 
the insertion of short sequences. It is remarkable that base substitutions 
and insertions are found in nearly identical sequence positions of the dif-
ferent repeat units. The amount of homology between the different repeat 
units and rDNA is approximately 60% If insertions and deletions of more 
than two adjacent nucleotides are considered as single mutation events. 
The mutual divergence between the various repeat units varies between 5% 
and 25%. 
Genomic localization 
To establish the exact genomic localization of rally we carried out in situ 
hybridization experiments on neuroblast metaphases and polytene chromo-
somes from salivary glands. In metaphases the only hybridization occurs 
distally on the long arm of the Y (Flg. 5). In polytene chromosomes no 
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10 20 30 40 SO 60 70 ВО ?0 IDO 
gaattcaaac ttggtaccta aaigagtttc ttttaggggc gttggtggac gcatcgtitt cacccgctgt actttgggtc acatatgtgg ctcaaacgcg 
110 120 130 140 ISO 160 170 180 190 200 
taccgtggtt gtaaacccct cggtacacgc cacgataaat aaatatcagg actctgtccc tatctactat ctagcgaaac cacagccaag ggaacgggct 
210 220 230 240 2S0 260 270 280 290 300 
tggaataatt agcggggaaa gaagaccctt ttgagcttga ctctaatctg gcagtgtaag gagacataag aggtgtagaa taagtgggag atattaagct 
310 320 330 340 3S0 360 370 380 390 400 
tcggtttagt atcaacaatg aaataccact actcttattg tttccttact ticttgatta agtggaacgt gtatcatttc ctagccatta tacggatata 
410 420 430 440 4S0 460 470 480 490 SOO 
tttattatgt cttatggtat tgggttttga tgcaagcttc ttgatcaaag tatcacgagt ttgttatata atcgcaaaca aattctttaa agagaaaatg 
510 S20 S30 S40 SSO S60 S70 590 S90 600 
cagttatgta tttttgittt aataatttgg tataactcca attactcagg tatgatccaa ttcaaggaca ttgccaggta gggagtttga ctggggcggt 
610 620 630 640 6S0 660 670 680 690 700 
acatctctca aataataacg gaggtgtccc aaggccagct cagtgcggac agaaaccaca catagagcaa aagggcaaat gctgacttga tctcggtgtt 
710 720 730 740 750 760 770 780 790 BOO 
cagtacacac agggacagca aaagctcggc ctatcgatcc ttttggttta aagagttttt aacaagaggt gtcagaaaag ttaccatagg gataactggc 
810 820 830 840 850 860 870 880 890 900 
ttgtggcggc caagcgttca tagcgacgtc gctttttgat ccttcgatgt cggctcttcc tatcattgtg aagcaaaatt caccaagcgt tggattgttc 
910 920 930 940 950 960 970 9B0 990 1000 
acccatgcaa gggaacgtga gctgggttta gaccgtcgtg agacaggtta gttttaccct actaatgaca aaacggttgt tgcgacagca ttcctgcgta 
1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 
gtacgagagg aaccgcaggt acggaccaat ggcacaatac ttgtcgagcg aacagtggta tgacgctacg tccgttggat tatgcctgaa cgcctctaag 
1110 1120 1130 1140 1150 1160 1170 HBO 1190 1200 
gtcgtatccg tgctggactg caatgataaa taaggggcaa tttgcattgt atggcttcta aaccattaaa agtttataat tcattttata aacgacaatg 
1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 
gatgtgatgc caatgttata tataacatag taaattggga gagtcttcga tcacctgatg ccgcgctagt tatattttaa aacattattt aatacaatga 
1310 1320 1330 1340 1350 1360 1370 1380 1390 1400 
caaagcctgg aatcaattgt aaacgacttt tgtaacaggc aaggtgttgt aagtggttga gcagctgcca tactgcgatc cactgaagct tatcctttgc 
1410 τ 1420 1430 1440 1450 1460 1470 14B0 1490 1500 
ttgatatgat tcgatatcaa aaaaacaaac actcatatat acatatcgta gttgtgtgta tatatatgct tttaaatata gtagttattt ggtttgctat 
1510 1S20 1530 1540 ISSO 1S60 1570 1580 1590 1600 
tgtattgaaa gtatatgtat atgcattttc tactttatgt cttatgagag ctgtattttt gtaacaaaaa tggaattgac ggaaggaaca tatattataa 
1610 1620 1630 1640 1650 1660 1670 1680 1690 1700 
tatgaatgtt tttatatcta tttatatgta tatataatat atatgtgtat atctatatac ctttatatct atatatatat atataaatat atgtttgaat 
1710 1720 1730 1740 1750 1760 1770 1780 1790 1800 
aattatatta tttgtgtgta tataatatat atatgtttat ttggatatta tataaaaaat attatatata aataaacatg tatatatgaa agccctatgg 
1810 1820 1830 1B40 1850 1660 1870 IBBQ 1890 1900 
agatacttaa ttttcaaata tgtataagag atctcaaagc tgatggagag aactcaaaat atttgagtaa ttgaagttgg tggagggaac tcatatatca 
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 
tatcaatcga tgcaaaaaaa caatttggaa cttaggtttc aattaaagaa atccaatgga attgacggaa agatgtatat aaaatcatat atgtcttaat 
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 
tataattata tataagcata tgtatatatg agaactcaaa gctgatggag agaactcaaa atatttgagt aattgaagtt ggtggaggga actcatatct 
2110 2120 2130 2140 2150 2160 2170 2180 2190 2200 
catataaatc gatgcaaaaa acaatttgga acttaggttt caattaaaga aatacaatgg aattgacgga aagatgtata taaitcatta tgtcttactt 
2210 2220 2230 2240 2250 2260 2270 2280 2290 2300 
ataattatat ataagcatat gtatatatga gcactcaaag ctgatggaga gaactcaaaa tagttgagta attgaagtcg gtgcagggaa ctcataaacc 
2310 2320 2330 2340 2350 2360 2370 23B0 2390 2400 
aatgcagaaa acactttgga actgagatta aggtttttca attaaagaaa tacaatggaa tttgacggaa agatttatat aagtctatat atatgtctct 
2410 2420 2430 2440 2450 2460 2470 2480 2490 2500 
taattataat tatatataaa aacatgtata tatatatgaa agccgcctat gggagatact taattttcaa ttataataaa tgagaattc 
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Flg. A. DNA sequence alignment of the 26S rDNA ß2 region and several 
repeat units of the rally DNA family. The nucleotide posit ions at the top 
correspond to the rDNA sequence posit ions Indicated in Fig. 3 (i.e., in the 
2.5 kb EcoRI fragment of dhPR6) The repeat units of the rally DNA s e -
quence family in this figure are derived from clone dhMIP47.10 (dhMlP47.10b), 
or from clone dhMiP14.1 (dhMiP14.1.1 and dhMiP14 1 2) representing both 
strands of dhMlP14.1, cloned In opposite orientations. Numbering oi the 
nucleotides of dhMiP14.1.1 and of dhMlP14.1.2 s tarts from the first nucleo-
tide of the EcoRI site nearest t o the priming site In the M13 recombinant 
phages used for sequencing To achieve identical orientation of the repeat 
units, the Inverted complementary strand of dhMiP14.1.2 Is shown. Nucleoti-
des of the repeat units were only shown if different from the rDNA s e -
quence: (-) denotes identical bases, (-) denotes a missing base, (Γ1-!) denotes 
inserted base(s). The direct repeats t( t/g)ggtt ta(a/g)a in the rDNA s e ­
quence, which are discussed In detail In the text , are underlined with arrows. 
Arrowheads Indicate the first and the last nucleotides of the region of the 
26S rDNA sequence homologous t o the rally DNA sequence family 
label, except a low signal over the nucleolus, was obtained. The signal over 
the nucleolus is due to the homology with rDNA. The conditions of in situ 
hybridization are sufficiently stringent to reduce the amount of cross-
hybridization of rally with the 26S rDNA. This is confirmed by the observa­
tion that in neuroblast metaphases no label Is found over the nucleolus 
organizer regions in the short arm of the Y and in the X chromosome. 
The number of copies of the 0.2 kb repeat unit was estimated by de­
termining the strength of autoradiographic hybridization signals on restric-
Ptg. 3. Nucleotide sequence of the 2.5 kb EcoRI fragment of dhPR6 (see Fig 
2). Shown is the non-coding (RNA-like) DNA strand in 5' •* 3' orientation. 
Numbering of the nucleotides starts at the first nucleotide of the EcoRI 
restriction s i te within the IVS. Nucleotides 1 t o 153 (underlined) belong t o 
the IVS as determined by sequence comparison with the corresponding part 
of the dhPRZl sequence The region of cross-homology with the rally DNA 
sequence family Is indicated by a dotted line. The 3' terminal nucleotide 
(position 1414) of the 26S rRNA coding region, indicated by an arrowhead, 
was defined by comparison with the 26S rDNA sequence of D melano gaster 
(Mandai and Dawld 1981). The last sect ion of the 26S rRNA coding region 
and the first part of the NTS agree with the sequences of D. hydel publi­
shed by Franz e t al. (1985) (cf. Note added In proof) 
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tlon-digested genomic DNA of male flies relative to a series of cloned rally 
DNA family sequences using labelled rally as a probe. On the basis of a 
diploid genome size of 4.57 χ 10e bp of D. hydei males (Zacharias et al. 
1982) we calculated the number of copies of the 0.2 kb unit to range bet­
ween 2,000 and 2,500. The rally DNA family of repeated sequences compri­
ses, therefore, 400 to 500 kb of Y chromosomal DNA. This corresponds to 
approximately IX of the total Y chromosomal DNA (4.28 χ Ю7 bp according 
to Zacharias et al. 1982). 
To confirm the results of the in situ hybridization experiments concer­
ning the location of the rally sequence block, we isolated DNA from T(X;Y)/0 
males of various strains with Y chromosomal fragments of either the 
distal part of the long arm or of proximal parts thereof and of the short 
arm (see Hackstein et al. 1982). No hybridization of rally was found with 
DNA of strains carrying either the short arm of the Y only or of proximal 
sections of the long arm except for a signal due to the rDNA (Fig. 6). 
Those DNA batches containing distal parts of the long arm of the Y (which 
carried the loop-forming sites for threads and pseudonucleolus) gave a 
hybridization pattern Identical to wild-type males. This result confirms 
that the rally DNA sequence family is mainly located in a distal part of the 
long arm close to the telomeric region. 
Transcription 
When rally was hybridized to blots from testes RNA it hybridized to a 
ribosomal RNA species of approximately 2 kb. This can now be explained 
by Its homology to the 26S RNA, which under denaturing conditions gives 
two fragments of 1.7 and 1.8 kb (Renkawitz-Pohl et al. 1980). A smear was 
specifically found In testes RNA preparations. Other discrete RNA bands 
could not be detected in any of the RNA samples studied (testes, female 
flies, male carcasses). The occurrence of RNA species of heterogeneous 
size is a more general phenomenon of Y chromosomal transcripts as has 
been demonstrated before (Vogt et al. 1982; Lifschytz et al. 1983). 
By transcript in situ hybridization to squashed testes, label was detec­
ted over a section of the loop pair threads close to the nucleolus in sper­
matocyte nuclei (Fig. 7a-d). The nucleolus itself was hardly labelled as a 
consequence of the stringency of the in situ hybridization conditions, which 
agrees with the weak label found in the (partially polytene) nucleolus of 
polytene cells (cf. also Fig. 1 b: hybridization with rDNA was removed 
under stringent washing conditions!). 
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Testes squashes of different T(X;Y)/0 constitutions were also studied 
by in situ hybridization. While most of these slides gave the results expec­
ted from the wild-type nuclei and the respective genetic constitution, one 
exception was obtained. Label over the pseudonucleolus was also found in 
spermatocyte nuclei of the constitution T(X;Y)74/0 (Fig. 7e, f). In this 
strain the pseudonucleolus is less compact than In most other strains. A 
corresponding result was obtained with tissue sections of testes of wild-
type males used for in situ hybridization. Here the pseudonucleolus was 
labelled. In these sections (Fig. 8) the nuclear cytology was severely affec­
ted by the procedure required for in situ hybridization. Although excellent 
nuclear cytology can be obtained by appropriate fixation, we did not obtain 
in situ hybridization signals under such conditions. In tissue sections, label 
was also associated with the pseudonucleolus in the wild type (Fig. 8). 
These results indicate that in the wild type and in most other strains the 
pseudonucleolus in squashes Is not accessible for transcript in situ hybridi­
zation because of its compact structure. Only under conditions which 
create a more diffuse morphology are the transcripts available for hybridi­
zation. 
Our data show that the rally sequences are transcribed in both the 
adjacent lampbrush loops, threads and pseudonucleolus. Other sequences 
from this region of the У chromosome display comparable properties. Since 
these loop pairs cannot substitute for one another functionally, the se­
quences are either not of primary Importance for the genetic function of 
these loci or have a more fundamental structural property within the loops, 
which accompanies other sequences with more specific functions. 
Evolutionary conservation 
Cross-hybridization of rally to DNA of other, closely related, Drosophila 
species (Fig. 9) shows hybridization pattern as expected for their rDNA 
restriction fragments, but no additional bands. These data show that the 
tandem repeats of rally are confined to D. hydei. This implies a recent 
evolutionary origin of this Y chromosomal DNA sequence family. 
Discussion 
Genomic localization and transcription 
The family of repeated DNA sequences described in this paper was isolated 
by microdissection of the lampbrush loop pseudonucleolus in the distal 
part of the long arm of the Y chromosome. Although there is no doubt as 
to the Y chromosomal location of this sequence family, in situ hybridiza-
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tion on neuroblast metaphase chromosomes Indicated a major localization 
in the long arm more distal than the location of the loop forming region 
of the pseudonucleolus. Transcript in situ hybridization has, on the other 
hand, shown that transcripts homologous to the rally DNA sequence family 
are synthesized in the threads as well as in the pseudonucleolus. The 
location of transcripts in the pseudonucleolus and in the proximal part of 
the threads, but not in the interjacent (distal) section of the threads, 
Indicates that the rally DNA sequence family cannot be arranged within a 
single block of sequence repeats. 
Transcript in situ hybridization in the spermatocyte nuclei led to the 
conclusion that transcripts homologous to sequences of the rally family 
are not present all along the loop pair threads but are rather concentrated 
in about half of the threads in the section proximal to the nucleolus. 
Partial labelling of the threads could either mean that RNA regions contai-
ning sequences of the rally family are processed soon after synthesis from 
the growing transcripts and are hence absent from more distal regions of 
the threads. Alternatively, such DNA sequences are only located in the 
proximal parts of the threads. It is, from cytological and autoradiographic 
evidence (Hennig 1967), most likely that the direction of transcription of 
the threads is oriented from the pseudonucleolus towards the nucleolus. 
We therefore prefer to assume that rally -related copies in the threads are 
only present in the more terminal part of the transcribed region. In this 
case the threads would be composed of at least two different sequence 
domains. This fits well with our earlier conclusions from the secondary 
structure of the transcripts. Miller spreading experiments have indicated 
that the transcripts of the threads are composed of two structurally diffe-
rent sections, one with a high degree of secondary structure, the other 
without this property (de Loos et al. 1984). We suggest that the rally 
copies are located in the region of the transcripts characterized by a high 
degree of secondary structure. 
The representation of copies of the rally family in the two adjacent 
loop pairs threads and pseudonucleolus emphasizes an interesting relation-
ship between these two loop pairs at the molecular level. Earlier cytologi-
cal and genetic studies gave evidence for a functional relationship between 
these two genetic loci since often complex mutations affecting both were 
recovered (Hacksteln et al. 1982; Hackstein et al., in preparation). 
The rally copies within the threads might be considered to constitute a 
component of the "frame" of a lampbrush loop which has a recent origin in 
evolution (see Vogt et al. 1986). Such an assumption is in agreement with 
(1) the restriction of the rally DNA sequence family to D. hydei, (2) the 
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fact that a loop pair like threads with Identical morphology and location in 
the Y chromosome is not present in other species (Hennig 1982) and (3) the 
low degree of heterogeneity of the repeat units compared with those of 
other У chromosomal repeat families (cf. Vogt and Hennig 1986a, b). 
Evolutionary origin 
The potential relationship of the rally sequence family to parts of the 
rDNA was indicated by the cross-hybridization between both sequences. 
This relationship was confirmed by the sequencing data. The rally family of 
repeated DNA sequences must have evolved from a 170 bp section of the 
26S ßa rDNA sequence. 
One of the questions raised by this finding is how the ancestral se-
quence became available for amplification. Since it presents an internal 
piece of the rDNA repeat, It must have been excised and transferred to its 
place of amplification in the У chromosome. From its origin in the 26S $2 
region it is possible that this section has been excised from a ribosomal 
repeat unit in connection with an excision of the IVS sequence and co-trans­
posed to a new position. The involvement of IVS sequences in the trans­
positions of 26S rDNA fragments has been suggested by Roiha and Glover 
(1981). We have found that the У chromosome carries IVS sequences outside 
the rDNA which Is in the close neighbourhood of the rally repeat (P. Huij-
ser and W. Hennig, in preparation). Such a co-transposition is more diffi­
cult to understand from our observation that the sequence amplified to 
create the rally DNA family originates 600 bp downstream of the IVS 
insertion site. It is, of course, possible that the entire section was co-exci­
sed from the rDNA repeat but subsequently only the 0.2 kb of the rally 
DNA family was amplified. Such an evolutionary origin of the rally DNA 
family would be supported if it could be shown that the amplified se­
quence was derived from an IVS-carrylng rDNA repeat. However, the respec­
tive sequence region of rDNA repeats with or without IVS (i.e. our clones 
dhPR6 and dhPR21) are Identical. A connection to a transposition of an IVS 
element remains therefore a speculation. 
The region In the rDNA which is the evolutionary origin of the rally 
DNA sequence family displays an Interesting feature, which may be relevant 
for understanding the initial transposition event. Precisely at the borders 
of the part amplified in the rally sequence family a direct repeat of 6 bp Is 
present (see Figs. 3 and 4). Moreover, Barta et al. (1984) assume an inter­
action In the region of the downstream 6 bp repeat with Phe-tRNA in the 
rlbosome. One wonders whether this is functionally involved in the mecha­
nism responsible for the creation of the rally family. Binding of tRNA to a 
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Flg. 10. Model of the potential secondary structure for part of the 26S 
rRNA as determined front the rDNA sequences described In this paper, and 
the model for secondary structure of domain VI of the 285 rRNA of Xeno-
pus laevis described by Clark e t al. (1984). The numbers of the sequence 
posit ions agree with Fig. 3. The sequence part -with cross-homology t o the 
rally DNA sequence family is Indicated by a line. The DNA sequence of this 
part of the rDNA of D. hydcl has more than 93% homology to the respec­
tive DNA sequence of Xenopus laevis as published by Ware et al. (1983). In 
E. coli the ribosomal protein L6 binds to the large rRNA in this region 
which Is highly conserved between E. coli and D. hydel (marked by a second 
iine) (Brimacombe and Stiege 1985). It is an Interesting feature of all repeat 
units of rally that between sequence posit ions 886 and 887 of the rDNA a 
single Τ is inserted. This fills exactly the empty position opposite t o the A 
in position 865 (indicated with an arrowhead) o f the rRNA model o f Clark 
e t al. (1984). It Is likely that the rRNA copy, which may have served as 
matrix for the first rally DNA sequence family repeat, has indeed the 
secondary structure proposed for this particular region. By the replication 
mechanism creating the first rally copy this unpaired region seems t o be 
filled up by the DNA synthesizing enzyme. This sequence feature, together 
with the duplication flanking the rally sequence in the rDNA, seems t o 
argue strongly against an accidental origin o f the rally DNA sequence 
family due t o random amplification of a defective rDNA repeat. The thick 
arrow indicates the binding site for Phe-tRNA as determined for E. coll 23S 
rRNA by Barta et al. (1984) (for discussion s e e text ) 
26S transcript in the region of the duplication could function as a primer 
for reverse transcriptase. The presence of a repeat may be important for 
the integration of a reverse transcript into the genome. 
Another remarkable feature of the rally repeats are the small inser­
tions, in particular around position 807 of the rDNA sequence (Fig. 4). 
These insertions have an obvious sequence relationship to the surrounding 
rDNA regions. The same holds true for Insertions around position 819. 
Saedler and Nevers (1985) have proposed that comparable sequence aberra­
tions result from the insertion and excision of transposable elements. 
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Our earlier studies have emphasized that an important function of the 
Y chromosomal lampbrush loops is their protein accumulating capacity 
(Hennlg 1985; see also Grond et al. 1983; Hulsebos et al. 1984; Kremer et al. 
1986). We assume that such accumulation of protein occurs via protein 
binding to transcripts which are encoded in the loops. Obviously, rRNA is 
the prototype of a protein binding transcript. Thus, the sequence properties 
of rRNA sections are a priori suitable for such a function. We compared 
the region represented in the rally sequence family with rlbosomal protein 
binding sites known for bacterial rRNA (see Brimacombe and Stiege 1985). 
The respective region does contain a primary binding site for the rlbosomal 
protein L6. The capacity of the rally sequences to form secondary structure 
in potential transcripts is emphasized by models made for 28S rRNA mole­
cules (Fig. 10) (see Clark et al. 1984). These findings further support our 
model of a primary protein binding function for the У chromosomal lamp-
brush loop-forming fertility genes. 
The analysis of the rally DNA sequence family described in this paper 
has revealed an interesting aspect of the evolution of Y chromosome-spe­
cific DNA sequences. Any genomic DNA sequence inserted into a Y chromo­
somal position might be amplified to form a tandem repeat sequence family. 
Subsequently, Increasing sequence divergence between the various repeats, 
together with additional amplification of subsets of the tandem repeats, 
can lead to a less obvious tandem repeat character on the one hand, but to 
a more Y- specific sequence character on the other. 
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Note added In proof 
The following corrections of the nucleotide sequences shown in Fig. 3 
must be made: Between positions 2188 and 2189 an "a" must be inserted 
and position 2232 (c) must be an "a". These corrections are necessary due 
to reading errors. 
We compared our sequencing data to the nucleotide sequence of the 
NTS determined by D. Tautz (personal communication). The following two 
differences emerged: The sequence determined by Tautz shows one additio-
nal "g" after position 1800 and an extra "c" after position 2447. After 
rechecking our gels in the respective positions we cannot decide of whether 
these nucleotides are indeed present. 
We like to thank Dr. Tautz for making his sequencing data available to 
us before publication. 
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CHAPTER VII 
Rlbosomal DNA intervening sequence type I occurs outside of rDNA 
in the genome of DrosophUa hydel 
Peter Huijser, Dorette ten Hacken and Wolfgang Hennlg 
Note added in proof 
After this thesis was finished additional results Indicated that the Northern blot hybridiza-
tion shown in Figure 9 of Chapter VII Is due to a contamination. Therefore the discussion 
with respect to the transcription of IVS sequences in cells other than spermatocytes 
should be ignored. This contamination has no consequences for the other experiments de-
scribed In this chapter. 
Abstract. The IVS of libosomal DNA of D. hydei has been compared to the 
IVS type I of rDNA of D. melanogaster. Although it displays a low degree 
of sequence homology, the insertion site within the 26S fo rRNA coding 
region is exactly alike. By in situ hybridization and Southern blots we 
demonstrate that IVS sequences of D. hydei occur in several genomic posi-
tions outside the rDNA including the Y chromosome. Here they are located 
close to the rally family of repeated DNA sequences which also represent a 
tandem repeat cluster of a 0.2 kb section of 26S ß2 rRNA. We discuss the 
possible mechanisms of evolution of the these repeated DNA familles. 
Transcript in situ hybridization demonstrates that sequences homologous 
to the IVS are transcribed Into a 3.1 kb RNA species in females, but also at 
a lower level in primary spermatocytes and in other tissues of males. The 
expression in testes might be related to a repression of transposition of 
the IVS elements. 
Introduction 
In Drosophila as well as in other organisms some portion of the genes 
coding for ribosomal RNA are Interrupted by an intervening sequence (IVS) 
in their 26S rRNA coding region. In D. melanogaster two types of IVS have 
been described (Wellauer et al. 1977; Glover and Hogness 1977; Wellauer 
and Dawid 1978). Only one type, IVS type I, is also found in D. hydei (Kunz 
et al. 1981). It Interrupts, similar as in D. melanogaster, about half of the 
rDNA repeats in the X chromosomal nucleolus organizer Renkawitz-Pohl et 
al. 1981). In neither species IVS type I has been found in У chromosomal 
rDNA repeats. 
By microdissection we have Isolated members of a tandemly organized 
family of repeated DNA sequences of D. hydei, the rally sequence family, 
which Is located in a distal region of the long arm of D. hydei (Huljser and 
Hennig 1987; chapter VI of this thesis). This sequence family has homology 
to a 0.2 kb region approximately 600 bp downstream of the IVS type I 
insertion site within the 26S rRNA coding region. The sequence organization 
of this family of repeated DNA sequences can be explained by an Initial 
insertion of the 0.2 kb rally sequence Into the Y chromosome and subse­
quent amplification of this basic repeat unit. 
Two possibilities have been proposed which could have been responsi­
ble for the insertion of the ancestral rally repeat unit Into the Y chromo-
/VS elements outside rDNA are transcribed 105 
some. The character of the sequence and of its surrounding DNA within 
the rDNA would be compatible with the assumption that rally has been 
inserted as a retroposon. As an alternative possibility it was considered 
that rally may have been transposed together with an IVS sequence (Huijser 
and Hennig 1987). Earlier evidence for the transposable nature of IVS type I 
sequences in D. melanogaster was provided by Rolha et al. (1981) since IVS 
sequences were found outside the nucleolus organizer regions. 
In this paper we show that IVS type I sequences in D. hydei occur also 
outside rDNA repeats. At least part of these IVS sequences are found on 
the Y chromosome. We demonstrate that transcripts homologous to the 
IVS are present In testes and other tissues. They are probably derived from 
IVS sequences located outside the rDNA repeats. 
Materials and methods 
Drosophila strains. The wild-type strains of D. hydei, D. neohydei, D. eohy-
dei and D. melanogaster, Canton S, were from our laboratory collection. 
The construction and details on the constitution of the T(X;Y)/0 flies were 
described by Hackstein et al. (1982) and Hackstein and Hennig (1982). 
Isolation of nucleic acids. The rDNA clones dhPR6, dhPR9p and dhPR21 were 
isolated from a genomic library of Pstl-digested DNA fragments in the 
plasmld vector pBR322 (see Hennig et al. 1982). The 3 kb EcoRI/PstI restric­
tion fragment of dhPR6, representing the middle part of the IVS (see Fig. 
1), was purified from a gel, and subcloned in the appropriate cloning sites 
of the ЛШ phage vector mplO. Recombinant plasmld DNA was isolated 
according to standars protocolls (Maniatis et al. 1982). DNA from files was 
prepared as described before (Huijser and Hennig 1987). 
Hybridization of nucleic acids. Restriction fragments of digested genomic 
DNA were separated electrophoretically on horizontal 1% agarose gels 
according t o Maniatis et al. (1982). DNA blotting, labelling by nick-transla­
tion and hybridization were carried out as described by Vogt and Hennig 
(1983). However, we do no longer use carrier DNA in the (pre-)hybridization 
mixtures. 
In situ hybridization. In situ hybridization to polytene and metaphase chro­
mosomes was carried out described by Hennig et al. (1982). Transcript in 
situ hybridization on test i s squashes was described by Vogt et al. (1982). 
As probes we used 3H-labelled cRNA of the subcloned 3 kb EcoRI/PstI 
fragment of the IVS (see Fig. 1). 
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DNA sequencing. Selected restriction fragments were subcloned in the 
appropriate MÍ3 vectors (Messing and Vieira 1982) and single stranded 
templates were isolated according to the protocolls published by Amer-
sham (1984). The nucleotide sequences were determined by the dideoxy 
chain termination sequencing method of Sanger et al. (1977). 
Results 
Localization of IVS type I sequences in the genome of D. hydei 
We subcloned the 3 kb PstI - EcoRl fragment of the IVS sequence from 
the ribosomal DNA clone dhPRó (Fig. 1) (see Materials and methods) in 
pBR328. With this probe we carried out in situ hybridization on polytene 
chromosomes and on primary spermatocytes of D. hydei. The results of 
these experiments are summarized in Figure 2. Chromosome regions with 
homology to the IVS probe occur in several positions outside the nucleolus 
organizer regions all over the genome. X chromosomal sites are X - 2A1, X 
- 18A1 and the kinetochore-associated heterochromatin, autsosomal sites 
are 3 - 49A, 4 - 93C/D, two bands on chromosome 6 and the kinetochore 
region of chromosome 3. It should be noticed that several of the regions 
with homology to the IVS may be considered as β - heterochromatin. To 
determine whether the IVS - homologous loci also display homology to the 
residual part of rDNA we used an entire rDNA repeat (clone dhPR21, see 
Fig. 1) without IVS as labelled probe In in situ hybridization experiments. 
We found no crosshybridization to chromosome regions outside the nucleo­
lus. This indicates that the IVS sections outside the nucleolus organizer 
regions are not flanked by major other parts of the rDNA. 
dhPfta 
ι-1Ι*-ι 
ivs — MS NTS ias ITS 
Fig. 1. Restriction maps of rDNA cloned In three pBR322 plasmids (modified 
from Hennig et al. 1982, and unpublished data from our laboratory). All 
three cloned fragments are inserted into t h e PstI s i te of the plasmid. 
dhPR21 contains an entire rDNA repeat unit without IVS. dhPR9 and dhPRó 
contains fragments of rDNA repeat units with IVS. They are generated by 
the PstI s i te within the IVS. 26S and IBS rRNA coding regions are indicated 
by shaded boxes, the IVS by hatched boxes. The EcoRl and PstI restriction 
s i tes of dhPR6 which were used for subcloning of the 3 kb IVS fragment 
are marked by an asterisk. The sequenced regions are indicated by small 
arrows. Restriction s i tes are: E, EcoRl; H, Hindlll; Hh, Hhal; Ps. PstI; Pv. 
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Plg. 2 a - o . In s i tu hybridizat ion of t h e 3 H - l a b e l l e d 3.0 kb IVS f ragment wi th poly tene c h r o -
m o s o m e s (а, Ь) o r n e u r o b l a s t m e t a p h a s e c h r o m o s o m e s and i n t e r p h a s e c h r o m o s o m e s (o) of 
D. hydcl. The labeled loci in t h e po ly tene c h r o m o s o m e s a r e indicated w i t h t h e i r m a p p o s i ­
t i o n s according t o t h e m a p of Berendes (1963). The smal l c h r o m o s o m e 6 Is In b s h o w n a t 
higher maginif icatton. T w o b a n d s in t h i s c h r o m o s o m e s t r o n g l y react wi th t h e IVS probe . The 
arrowhed.s in с Indicate t h e p o s i t i o n s of hybrid f o r m a t i o n in t h e Y c h r o m o s o m e and in t h e X 
c h r o m o s o m a l h e t e r o c h r o m a t l n (-which c o r r e s p o n d s t o t h e NOR). N o t e t h a t t h e s h o r t a rm of 
t h e Y c h r o m o s o m e which carr ies one of t h e Y c h r o m o s o m a l NORs Is free of label. Occas io­
nally, however, we observed a few grains indicating t h a t s o m e IVS copies o r f r a g m e n t s 
t h e r e o f may b e p r e s e n t a l s o in t h i s region. E x p o s u r e w a s 16 weeks in a and b, and 9 weeks 
In о and d. NO, n u c l e o l u s The c h r o m o s o m e s are Identified by n u m b e r s . Bars r e p r e s e n t ΙΟ μιη 
, Т(Х,У) . Fig. 3. Hybridization of labelled 3.0 kb 
tó XX XV XO Ι β 20 33 42 47 52 и" fragments of the IVS to EcoRI/PstI 
double-digests of genomic DNA of 
wild-type and mutant flies. The first 
lanes show hybridization to the DNA of 
wild-type females or males, the third 
lane to the DNA of XSO males, the 
residual lanes to translocation strains 
of the following constitution: Τ(Χ;Ύ)6, 
Ш m T(X:Y)20 and T<X;Y)33 carry Y chromo­
some fragments of various length 
including the terminal portion of the 
long arm. T(X;Y)42, T(X;Y)47. T(X;Y)S2 
and T(X;Y)S8 carry Y chromosome 
f r a g m e n t s i n c l u d i n g t h e s h o r t a r m a n d 
p r o x i m a l p o r t i o n s o f t h e l o n g a r m o f 
v a r i o u s l e n g t h . T h e N O R s i n t h e Y' 
c h r o m o s o m e a r e a t b o t h e n d s o f t h e 
c h r o m o s o m e . T h e b r o a d a r r o w h e a d 
i n d i c a t e s t h e h y b r i d i z a t i o n o f t h e 3.0 k b 
f r a g m e n t in t h e g e n o m i c D N A w h i c h 
c o r r e s p o n d s t o t h e s u b c l o n e d f r a g m e n t . 
H i n d l l l - d i g e s t e d Λ D N A a s m o l e c u l a r 
w e i g h t m a r k e r i s s h o w n t o t h e l e f t 
TWiY) 1 P ig . 4 . H y b r i d i z a t i o n o f l a b e l l e d 3.0 k b 
Kb XX XY XO ι θ 20 33 42 47 S2 5« > I V S D N A t o b l o t s o f S a i l - d i g e s t e d 
^ _ J A ^- g e n o m i c D N A o f w i l d - t y p e f e m a l e 
?
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identifies the Sail fragments of appro­
ximately 17 kb, which originates from 
tandem ly rDNA repeat clusters with 
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ged IVS elements (see text). HindIII-di-
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T ( X i y ) Flg. S. Hyridizatlon of a 0.9 kb Hindlll fragment of 
XX XY XO Γ"6 ' я"! clone dhPR21 representing the major part of the 26S 
mm ß2 rRNA coding region (see Fig. 1) to blots of 
EcoRI-digested genomic DNA from wild-type fe-
males (X'X), males (XY), XO males and males of 
the translocations ΓίΧ,·Υ?6 and T(X;Y)S8 carrying 
the Y chromosomal NOR of the long or the short 
arm, respectively. The broad arrowhead identifies 
the 2.S kb Eco RI fragment generated by IVS-contal-
nlng rDNA repeats (see Pig. 1). Hindlll-digested λ 
DNA as molecular weight maker is shown to the 
left. Note the male-specific hybridization pattern 
due to cross-homology with the rally sequence 
family of the 26S ß2 probe. The rally cluster is 
close to the NOR in the long arm (cf. Huijser and 
Hennig (1987). T(X;Y)S8 does not show this hybrid 
pattern since it carries only the short arm and 
a proximal part of the long arm 
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Since major heterochromatlc parts of the genome of D. hydei, the Y 
chromosome and one arm of the X chromosome, are not represented in 
polytene nuclei due to their underrepllcation we Investigated neuroblast 
metaphase chromosomes by in situ hybridization with the labelled 3 kb IVS 
probe (Fig. 2c). As expected a strong reaction was found in the X chromo-
somal nucleolus organizer, but in addition label was also found over both 
ends of the Y chromosome. In these positions the Y chromosomal nucleo-
lus organizers are located, but Renkawitz-Pohl et al. (1981) have shown that 
Y chromosomal rDNA does not carry IVS sequences within the repeat 
units. The IVS - homologous DNA sequences may therefore be located 
outside the nucleolus organizer regions (NORs). 
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To understand the molecular organization of IVS sequences outside the 
NORs we hybridized the subcloned 3 kb IVS fragment to blots of restricted 
genomic DNA. Besides DNA of males and females we used DNA of T(X;Y)/0 
flies with different Y fragments replacing the major part of the hetero-
chromatlc arm of the X chromosome (Including the X chromosomal NOR). 
In Pstl/EcoRI double digests the predominant hybridization was a 3 kb 
DNA fragment in all the DNA samples (Fig. 3). This 3 kb fragment corre-
sponds to the fragment size of the probe. Since the X chromosomal NOR 
is absent in T(X;Y)/0 DNA the 3 kb fragments hybridizing in these DNA 
samples must be solely derived from IVS copies outside ribosomal DNA 
repeats. The hybridization patterns in the different DMAs from T(X;Y) 
strains are very similar but much less intense than in the DNA of X/0 
males. We must conclude that the majority of the extra copies of the IVS 
are in the heterochromatlc part of the X chromosome. Since all T(X;Y) 
DNA samples still contain some part of the X heterochromatin, even the 
hybrids obtained in the T(X;Y) DNA samples may in part be X chromoso-
mal In origin as is implied by the hybridization in the X heterochromatin in 
polytene chromosomes (Fig. 2a, b). By appropriate restriction digests of 
genomic DNA Renkawitz-Pohl et al. (1961) demonstrated that the X chromo-
somal IVS-containing ribosomal DNA repeat units occur clustered. Since 
rDNA repeats without IVS do not contain Sail restriction sites, and the IVS 
has one Internal Sail site, tandem rDNA repeat units with an IVS are dige-
sted into fragments of 17 kb by Sail (Fig. 4, see also Renkawitz et al. 1981). 
In such experiments, however, a 6 kb Sail restriction fragment also strong-
ly hybridizes with the 3 kb IVS fragment as labelled probe. This shows 
that, besides the IVS within the rDNA repeat unit, additional repeat clu-
sters must exist, which are composed of tandemly arranged IVS sequences. 
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Comparison of the strength of hybridization in the different genomic DNA 
samples shown in Figure 4 allows to conclude that the major cluster of 
IVS tandem repeats Is in the X heterochromatln. It should be noted that 
no 17 kb fragment hybridizes in the T(X;Y)/0 genomic DNAsamples. This 
confirms the absence of the X chromosomal NOR and the absence of IVS 
from rDNArepeats in the Y chromosome. 
This latter conclusion is confirmed by the absence of a 2.5 kb EcoRI 
DNA fragment In the T(X;Y)/0 DNAs (Fig. 5). Such a fragment is created 
from rDNA repeats with IVS by the EcoRI sites within the IVS and the NTS 
(see Fig. 1) and is therefore indicative for the presence of IVS-containing 
rDNA repeats. 
A semiquantitative evaluation of the DNA blots in Figures 3-5 lead to 
the conclusion that the contribution to the number of IVS copies not 
Inserted In rDNA by the Y chromosome is small. This Is somewhat In 
contradiction with the results of the in situ hybridization experiments with 
neuroblast metaphase chromosomes which suggest a major cluster of IVS 
sequences on the Y chromosome (Fig. 2c). An explanation for this discre­
pancy would be to assume that the У chromosomal IVS sequences are 
incomplete and are therefore not detectable as specific DNA fragments in 
restriction digests but occur in a variety of fragments depending on their 
specific sequence environment. 
The IVS copies outside the NORs must be relatively well conserved In 
their structure since the internal 3 kb fragment of the IVS flanked by a 
PstI and an EcoRI site is intact in most of the copies outside the NOR. 
Some elements have, however, diverged since additional fragments of vari­
ous lengths also hybridized though with low intensity. Additional conclu­
sions on the genomic localization of these diverged copies of the IVS 
cannot easily be drawn. The decreasing strength from an X/0 constitution 
to a T(X;Y)/0 constitution points towards a location in the X chromosomal 
heterochromatln for some portion of these defective fragments. 
The IVS insertion site in rDNA 
The presence of IVS copies outside the rDNA repeats in various positions 
throughout the genome had also been described for D. melanogaster and it 
had been argued that IVS sequences are transposable elements (Dawld and 
Rebbert 1981). In general, transposable elements are characteristically ac­
companied by a duplication of the genomic target site which after insertion 
Is found at both ends of the transposon. Such duplications have been 
discovered in the flanking regions of IVS elements in the D. melanogaster 
genome (Dawld and Rebbert 1981). 
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Flg. 6. Nucleotide s e q u e n œ s flanking the left and l ight junction s i tes of 
the IVS of D. hydei determined from the recombinant DNA clones dhPR9 
and dhPR6 (see Fig. 1). These regions were compared with the nucleotide 
sequences in the insertion region of an unlterrupted rDNA repeat as cloned 
In dhPR21. A 15 bp duplication Is found to flank the IVS In dhPR9 and 
dhPR6. In other organisms the size of the duplicated target s i te is 14 bp 
(see t ex t ) . We found no rearrangements in the surrounding rDNA repeat as 
Rolha et al. (1981) described for D. mdanogaster. Arrows above and below 
the nucleotide seqnenoes refer t o the direct and Inverted repeats discussed 
In the text . The nucleotides of the left Ш and (R) end of the IVS are 
numbered backwards starting at the first nucleotide after or before, re­
spectively, the duplicated insertion sequence. The rDNA sequence is num­
bered without considering the IVS Insertion and without including the 
duplication of the target s i te. The 3' end of the sequenced part corresponds 
t o the Hlndlll s i te downstream of the IVS insertion s i te In the 26S rRNA 
coding region (see Fig. 1). The arrowhead indicates the sequence conserved 
between D. hydcl and £>. mclanogastcr •where IVS type II Inserts in £>. 
mclanogastcr. An insertion homologous t o IVS type II of D. mclanogastcr 
has not yet been discovered In D. hydcl. 
To enable as to study IVS elements of D. hydei In genomic sites out-
side the rDNA repeats, we sequenced the terminal parts of the IVS from 
the recombinant DNA clones dhPR9 and dhPR6 and compared the DNA 
sequences around the insertion site in the 26S rRNA gene with the DNA 
sequences of that region in an rDNA repeat not interrupted by an IVS 
(dhPR21) (see Fig. 1). The results are summarized in Figure 6. 
The Insertion site is identical to that for the IVS type I in the rDNA of 
D. melaDogaster and D. virilis (Rete 1981). Deviating from D. melanogaster, 
the duplication is 15 instead of 14 nucleotides, but one might consider that 
the supposed first nucleotide of the duplication may represent the last one 
of the IVS. This would be compatible with the nucleotide sequence of the 
IVS in other insects (Rae 1981; Smith and Becklngham 1984; Eickbush and 
Robins 1985). 
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g e s t s of genomic DNA from female 
or male flies of D. hydei (hycfì. D. 
cohydet (eoh), D. neohydei (neo) and 
D. melanogaster (mei) Canton S. 
Marker was Hindlll digested λ DNA 
(to the left). Aatoradlographs were 
made after washing in 2 χ SSC, 0.1% 
SDS. 68° C. Note the strong hybri­
dization signal and the conserved 
fragment length of 3 kb (Indicated 
by a broad arrowhead) in the DNA 
of the c lose ly related species Ώ. 
hydei, D. eohydet and D. neohydei in 
contrast t o the weak hybridization 
signal on the genomic DNA of D. 
melanogaster 
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Flg. 8. Transcript in situ hybridization 
of H-labelled 3 kb IVS DNA t o primary 
spermatocyte nuclei o f D. hydei. Some 
diffuse label is observed all over the 
nucleus, but a strong signal (arrowhead) 
found c l o s e t o and within the nucleolus 
(NO). Label which must be considered 
as associated with lampbrush loops is 
not found, a Phase contrast, b light 
field picture of the same nucleus.Ps, 
pseudonucleolus; Th, threads. Bar 
represents 10 μηι 
kb 
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Pig. 9. Hybridization of the labelled 3.0 kb fragment 
of the IVS t o Northern b lots of total RNA isolated 
from female flies, t e s t e s (t) and male carcasses (i.e. 
male fl ies after dissection of the t e s t e s (c). The 
hybridization t o a 3.1 kb RNA species discussed in 
the t e x t is indicated by an arrowhead. An 'RNA 0.3-
ladder' (BRL) of known step s izes 'was length separa­
ted on the same gel and is shown t o the left. The 
hybridization around 2 kb observed in all three lanes 
may represent an unspeclfic binding t o rRNA, which 
Is heavily overloaded In that region. The low strin­
gency and the long exposure (IO days with two 
intensifying screens) supports the detect ion of unspe­
clfic reactions 
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Structural organization of the terminal parts of the IVS 
Some groups of transposable elements are characterized by direct or indi-
rect terminal repeats which are important for the mechanism of transposi-
tion (see Finnegan 1985). The IVS type I DNA sequence family does not 
belong to this category of transposons since no sequence homologies exist 
between both terminal regions sufflcent to fulfill the criteria of typical 
terminal direct or inverted repeats. Some repeat structures within the 
terminal regions can however be noticed. The most obvious repeat is an 
imperfect sequence duplication of approximately 35 nucleotides which 
overlaps with an exact inverted repeat of 20 nucleotides close to the 5' 
terminus of the IVS. Another exact inverted repeat of 9 nucleotides is 
found close to the 3' end of the IVS (Fig. 6). Whether these structures are 
of relevance for the transpositions is unclear. The right hand Inverted 
repeat is not found In the IVS of other species. In conclusion, except for 
the duplication of the insertion site the termini of the IVS provide no 
evidence for the nature of the transposition mechanism. 
Evolutionary conservation of the IVS 
We have carried out Southern blot hybridization experiments with the 3 kb 
IVS fragment of D. hydei to EcoRI digests of genomic DNAs of other 
Drosophila species. Figure 7 shows that some homology to IVS sequences 
of evolutionarily more distant species Is retained although it decreases in 
extent with increasing evolutionary distance. The length of the IVS remains, 
however, unchanged. 
The comparison of the nucleotide sequence of the IVS of D. hydei with 
published nucleotide sequences of other Insect shows that the degree of 
conservation of the nucleotide sequences Is low. The more remarkable Is 
the constancy of the insertion site within the ribosomal DNA which is 
identical in all species investigated. Because of this conservation it can be 
used to identify an IVS as homologous to type I (see also Smith and Becking-
ham 1984). 
Transcription of the IVS type I 
Long and Dawld (1979) have shown that ribosomal DNA repeat units with 
an IVS type I insertion are transcriptionally inactive. This inactivity is 
probably based on a difference in the chromatin constitution as result of 
the presence of the IVS element (Wayne et al. 1985; Dawld and Rebbert 
1986). Also In primary spermatocytes of D. hydei no evidence for the tran-
scriptional activity of rDNA repeat units with IVS has been obtained in 
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Miller spreading experiments since the transcription units display a uni-
form length as characteristic for rDNA repeat units without IVS (Glätzer 
1979). 
In an earlier paper we have shown that at least part of the members of 
the rally family of repeated DNA sequences are transcribed as part of Y 
chromosomal lampbrush loops in primary spermatocytes of D. hydei (Huij-
ser and Hennig 1987; chapter VI of this thesis). The cluster of the rally 
repeat family resides in a similar region as the cluster of IVS sequences as 
far as in situ hybridization to metaphase chromosomes permits to recog-
nize. Therefore we carried out transcript In situ hybridization experiments 
to testes squahes with a labelled 3 kb IVS fragment as a probe. While we 
could not find any indication for the presence of transcripts with homology 
to the IVS in any of the known lampbrush loops, hybridization within and 
close to the nucleolus was found (Fig. 8). Since Y chromosomal rDNA 
repeats have been demonstrated to be devoid of IVS elements as far as the 
sensitivity of Southern blots allows to detect we assume that the cluster 
with DNA sequences homologous to IVS seen in metaphase chromosomes 
(Fig. 2c) is at least partially transcribed. The location of the transcripts 
close to the nucleolus fits with the location of the cluster as determined 
by in situ hybridization. 
These observations induced further experiments to establish whether 
the transcription of IVS sequences can be demonstrated by techniques 
other than in situ hybridization. RNA isolated from testes, from male 
carcasses (males without testes) and from female flies was electrophoreti-
cally separated according to molecular weight, blotted to membrane filters 
(Thomas 1980) and hybridized with the labelled 3 kb IVS probe (Fig. 9). A 
strong hybridization signal is found with a 3.1 kb RNA species of the RNA 
of females. A slighter signal with the RNA of females or male carcasses 
and testis is found around 2 kb after a long exposure of the autoradiogram. 
The size of the 3.1 kb RNA species makes it unlikely that it represents part 
of an rRNA precursor. It is therefore most likely that the IVS copies out-
side the rDNA repeats are transcribed. 
Discussion 
The tranposable character of the IVS type I sequence of ribosomal DNA 
has been implied by earlier studies in D. melanogaster (Dawid and Rebbert 
1981; Dawid and Rebbert 1986). This is not only suggested by the occurrence 
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of flanking duplications if inserted in the 26S rRNA coding region but also 
by the observation that parts of the rDNA flank IVS elements which are 
located in other genomic positions. Roiha and Glover (1981) suggest that 
these rDNA fragments are contransposed with the IVS elements. 
Our observations in D. hydei agree with the earlier data from D. mela-
nogaster. By in situ hybridization and genomic DNA blots we could show 
that IVS elements occur, in part as clusters, outside the rDNA repeats. In 
earlier studies we have already demonstrated that rDNA sequences occur 
outside the nucleolus organizer regions in D. neohydei and D. eohydei 
(Hennlg et al. 1982). Such a distribution of rDNA apart from the IVS could 
not be detected in D. hydei (unpublished data). We must therefore assume 
that most of the IVS elements outside the NORs in D. hydei are not flan­
ked by larger sections of rDNA. 
The location of IVS elements outside the X chromosomal NOR is of inter­
est in connection with our studies of another family of repeated DNA 
sequences the rally family (Huljser and Hennig 1987; chapter VI of this 
thesis). This sequence family Is composed of copies which are homologous 
to a 0.2 kb fragment of the 26S $2 rRNA approximately 600 bp downstream 
the IVS Insertion site. This 0.2 kb fragment is found associated with, and 
transcribed within, a Y chromosomal lampbrush loop where It has been 
amplified into a cluster with approximately 2000 copies. Although we 
cannot exclude that this DNA sequence family has in evolution been crea­
ted after a retroposition of a partial copy of 26S rRNA Into the genome 
(see Huijser and Hennig 1987 for discussion), we considered the possibility 
that the insertion into the Y chromosome is the result of a contransposi-
tlon with an IVS element. The presence of Y chromosomal IVS elements 
outside the NOR and close to the У chromosomal position of the rally 
cluster makes a cotransposltlon an even more attractive alternative to a 
retroposition event. To meet a final decision as to the mechanism of the 
actual primary event Is impossible from the data available and it remains 
a question whether such a decision can ever be made. 
Whether the IVS, either in D. melanogaster or in D. hydei, represents a 
transposable element still actively moving within the genome, is uncertain 
since transpositions have never been observed. For D. hydei some indirect 
genetic arguments have been made for a possible involvement of the IVS in 
transposition events (Hacksteln et al. 1987). The argument that many of the 
IVS copies outside the rDNA in D. melanogaster are defective because of 
their length heterogeneity does not hold for D. hydei as we have shown in 
Figure 3. It might in this respect be of interest that IVS sequences are 
transcribed in testes. Whether the 2 kb RNA species observed in testis 
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RNA (Fig. 9) is derived from germ cells remains an open question since a 
considerable number of somatic cells are present in testes. However, in 
situ hybridization leaves no doubt that at least some limited transcription 
of IVS sequences occurs in primary spermatocytes (Fig. 8). It could be 
speculated that the transcription of the IVS elements inhibits transposition. 
One might also consider correlations with the phenomenon of magnifi­
cation as it occurs in the ribosomal DNA in males which display a strong 
bobbed phenotype. If X chromosomes with a reduced number of rDNAre-
peats are in a male combined with а У chromosome without NOR, an in­
crease of rDNArepeats is observed which is stable until the X chromosome 
comes into an environment with normal amounts of rDNA. Recent studies 
of Komma and Endow (1987) demonstrated that parts of the У chromosome 
play an essential role in magnification in D. melanogaster. This process of 
magnification may at the molecular level be related to the amplification 
steps which we assume as an essential parameter of the development of У 
chromosomal DNA. Reverse transcripts of rRNA may play a role in such 
mechanisms. 
As an alternative explanation for the presence of IVS copies in the У 
chromosome but outside the NOR one could consider that these copies 
originate from the IVS copies outside the X chromosomal NOR and are 
tranferred to the У chromosome by unequal crossingover (see Gil lings et 
al. 1987 for further discussion). However, normal meiotic crossingover is 
absent in Drosophlla males and the У chromosome does not pass through 
the female under normal conditions. Moreover, the T(X;Y) chromosomes 
used in our study have at least transiently passed the female germ line, 
and have hence been exposed to meiotic crossingover, but we have shown 
that there are no IVS sequences within the rDNA repeats of these translo­
cation chromosomes. We assume therefore that the У chromosome itself 
has mechanisms which prevent insertion of IVS elements in its ribosomal 
DNA repeats. 
A somewhat unexpected observation in our experiments is the occur­
rence of a 3.1 kb transcript, mainly in females. In D. melanogaster the IVS 
is represented in transcripts at a very low level (Long et al. 1981) and it is 
assumed that the IVS plays an active role in preventing transcription of 
rDNA repeats with this insertion (Dawid and Rebbert 1986). It is possible 
that in D. hydei the IVS sequences outside the NORs are transcribed. This 
may be a tissue-specific event, for example in the germ line as is sugge­
sted by our observation that IVS sequences are transcribed in primary 
spermatocyte nuclei. But our data do not permit to draw any substantial 
conclusions on the place and time of IVS transcription. 
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The question on the biological relevance of ribosomal IVS sequences is 
still open. Nevertheless, a biological role is indicated by the evolutionary 
conservation of the IVS type I seqaence Itself, by the evolutionary surpring-
ly stable insertion site within the rDNA and by the transcription which was 
demonstrated in this paper. 
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CHAPTER Vili 
Retrotransposon-llke sequences are expressed 
In Y chromosomal lampbrush loops of Drosophila hydei 
Peter Huijser, Christiane Kirchhoff, 
Dlrk-Henner Lankenau and Wolfgang Hennig 

Abstract. In two recombinant DNA clone banks obtained by microdissection 
of two Y chromosomal lampbrush loops from primary spermatocytes of 
Drosophlla hydei we found members of the same family of repeated DNA 
sequences. This DNA sequence family Is, besides its У chromosomal loca­
tion, dispersed in the genome. Nucleotide sequence analysis of two of the 
recombinant DNA clones revealed homology to the DNA region coding for a 
reverse transcriptase-like protein as found in retroviruses and retrotrans-
posons. Homologous tissue-specific transcripts of a size of 1.2 kb were 
found In testes . Transcript In situ hybridization shows that at least part of 
these transcripts are synthesized in these У chromosomal lampbrush loops, 
which were originally used for microdissection. Also the cytoplasm of 
primary spermatocytes contains homologous RNA species. These observa­
tions are discussed in the context of lampbrush loop function and evolution. 
Introduction 
For the У chromosome of Dmsophila hydei an important contribution t o 
the lampbrush loop-forming DNA by middle repetitive DNA sequences with 
a widespread location throughout the entire genome DNA has been estab­
lished (Vogt and Hennig 1983; Hennlg et al. 1983; Vogt and Hennig 1986b; 
this thesis). This DNA is found in families of repeated DNA sequences 
which were classified as "Y-associated" DNA sequences. У-associated DNA 
sequences are transcribed as parts of the У chromosomal fertility genes 
and occur interspersed between another class of У chromosomal DNA 
sequences, the "У-speclflc" type, which in its genomic location is restricted 
t o the У chromosome (see Vogt and Hennig 1986a, b). Our studies of these 
different classes of У chromosomal DNA sequences were extended t o 
different strains and to other Drosophila species. The results suggested 
that the widespread genomic distribution of the У-associated class is the 
result of transpositions of the respective sequence elements (Hennig et al. 
1983; Vogt and Hennig 1986b; Vogt et al. 1986; Huijser and Hennig 1987; see 
also Hareven et al. 1986). The У-specific class may be derived from se­
quences which originally belonged t o the У-associated class, or from any 
other genomic sequence which has, even accidentally, been inserted into the 
У chromosome (Hareven et al. 1986; Huijser and Hennig 1987). However, 
until now our data did not permit to unequivocally demonstrate the trans-
posable nature of sequence elements of the У-associated class. 
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In this paper we present the detailed sequence analysis of members of 
one of the У-associated DNA sequence families of D. hydei which were 
isolated by microdissection and subsequent mlcroclonlng of У chromosomal 
lampbrush loops (Hennig et al. 1983; Huijser and Hennig, chapter III of this 
thesis). A significant homology between the amino acid sequence of a 
putative protein product encoded by this sequence family and the reverse 
transcriptase of retroviruses was discovered. Also other sequence elements 
such as the "finger" domain and a protease-like region typically present in 
retroviruses and retrotransposons were found. These and other properties 
clearly show that these sequences form a class of mobile genetic elements 
in principle capable of RNA-mediated transposition. 
Materials and methods 
Drosophila strains. The wild-type strain of D. hydei was from our laborato­
ry collection. 
Isolation of nucleic acids. The fragments of dhMiP2 and dhMiF8 cloned in 
the EcoRI site of the λ vector 641 were obtained from the microdissection 
experiments described by Hennig et al. (1983) (see chapter HI of this thesis). 
The EcoRI inserts were recloned in the plasmid vector pBR328 because it is 
more convenient for restriction mapping, insert isolation and screening of 
other λ recombinant DNA libraries. 
Recombinant DNA was isolated according t o standard protocols (Mani-
atis et al. 1982). 
RNA was Isolated according to Chirgwin et al. (1979) after homogeniza-
tion of the tissue in 7.5 M guanidinium-HCl. 
In situ hybridization. Transcript in situ hybridization on testes squashes 
was carried out as described by Vogt et al. (1982). As a probe, 3H-labelled 
cRNA was synthesized. Cytoplasmic in situ hybridization was carried out as 
described earlier (Huijser and Hennig 1987). 
DNA sequencing. Selected as well as random restriction fragments were 
subcloned in the appropriate M13 vectors constructed by Messing and 
Vieira (1982) and single-stranded templates were isolated according t o the 
protocolls published by Amersham (1984). The nucleotide sequences were 
determined with the dldeoxy chain termination method of Sanger et al. 
(1977). 
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DNA sequence analysis. The homology matrix program of Pu stell and Kafa-
tos (1982) was used to compare the sequences of dhMiF2, dhMiFS, and the 
copia-like element. 17.6. 
Results 
General characterization 
By microdissection of the У chromosomal lampbrush loop threads from 
primary spermatocytes of D. hydei and subsequent cloning at a microscale 
several recombinant DNA clones were obtained, which were described in a 
prior publication (Hennig et al. 1983). The inserts of all the clones recove­
red hybridize in in situ hybridization experiments with neuroblast meta-
phase chromosomes to the position of the Y chromosome expected from 
the position of the mlcrodissected loop, i.e. to the distal part of the long 
arm. On polytene chromosomes, however, the different cloned DNA frag­
ments hybridize to different X chromosomal and autosomal sites. An ex­
ception are clones dhMiF2 and dhMiFS, which both display a similar hybri­
dization pattern on polytene chromosomes. We therefore cross-hybridized 
both inserts on DNA blots and recognized from the positive result of this 
experiment that both inserts belong to the same family of repetitive Y-as-
sociated (Vogt and Hennig 1983) DNA sequences. This finding induced a 
detailed analysis of both cloned DNA fragments. 
DNA sequence analysis and comparison of dhMiF2 and dhMiFB 
Restriction mapping of both clones revealed the presence of internal EcoRI 
sites (Fig. 1). The generated EcoRI fragments were subcloned in pBR328 and 
designated as dhMiF2A (3.1 kb), dhMiF2B (1.8 kb), dhMiF8A (2.4 kb) and 
dhMlFSB (2.0 kb). A third EcoRI fragment of 0.6 kb of the original λ64ί 
clone dhMiFB is most likely the result of an artificial ligation during the 
microclonlng experiment and it Is therefore not further considered. 
Cross-hybridization of the different subcloned EcoRI fragments revea­
led homologies between the fragments 2 A/8 A, 2A/8B and 2B/8A respecti­
vely. To obtain insight into the nature of these mutual homologies we se­
quenced all four EcoRI DNA fragments (Figs. 2 and 3). 
The comparison by a matrix analysis displayed two separate regions in 
each of both clones with an almost entirely collnear sequence homology of 
more than 80% (Fig. 4). The interruption in the regions of homology sug­
gests that in the course of the evolution either an insertion in the dhMiFS 
sequence or a deletion in the dhMiF2 sequence has occurred, or that both 
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, 2Α
 τ
 2Β
 Ί 
Ε PsPv PvAK Η К АХЬЕ Ps PsAAXhC E 
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dhMF8 
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FlS. 1- Restriction maps of dhMlP2 and dhMlPS. ORFs longer than 300 
nucleotides In dhMiP2 arc Indicated by open arrows. The putative reverse 
transcriptase coding region is croesJiatcbed (rt). The DNA-bindlng 'finger' 
motif Is indicated by a small black box Inside an open arrow (ƒ). Thick 
black arrows mark the putative LTR regions In both cloned fragments. 
Vertical arrowheads mark the position of the conserved poly(A) signal. 
Horizontal arrowheads mark the 19 bp Imperfect repeats. VerticaJ lines 
Indicate the posit ions of the tandemly repeated sequences 124- bp, 35 bp). 
For further details s e e text . Restriction enzymes are: A, Acci; В, BamHl¡ С, 
Clali E, BcoRI; H, HlndlII; К, Kpnl; Ps. Peti; Pv. PvuII; Xb, Xbal; Xh, Xhol; 
Sp, Sphl; Ss, S s t i 
events have taken place. The most likely event is, however, an Insertion of 
about 1 kb in the dhMiF8 fragment as a comparison with homologous DNA 
fragments isolated from D. melanogaster (D. Lankenau et al., in prepara­
tion) suggests. This possibility is also supported by the presence of a 
(Imperfect) duplication of 19 nucleotide pairs close to the borders of the 
putative insertion of dhMiF8 (positions 876 - 895 and 1984 - 2002) (Fig. 3). 
Since this duplication is not found in dhMiF2 it is most probably part of 
the inserted DNA sequence. There exist additional duplicated short sequen­
ces close to this direct repeat in dhMlF8 which display homology to se­
quences in the putative region of insertion in dhMlF2. However, we cannot 
precisely define an exact site of an insertion. 
Another remarkable sequence element occurs in both clones (dhMlF2 
and dhMiFS) which can be recognized in the matrix (Fig. 4) in positions 
4164 - 4319 in dhMiF2 and positions 2924 - 2971 in dhMiFS. These regions 
contain short tandemly repeated sequences of a basic unit length of 24 
nucleotide pairs (Figs. 1-3). This region is also conserved in the homologous 
DNA sequences of D. melanogaster and will be discussed in detail in a 
separate paper (Lankenau et al. in preparation). 
If the coding capacity for proteins of dhMiF2 and dhMiFS is evaluated 
by searching for open reading frames (ORFs), it appears limited. The lon­
gest ORF in dhMiF2 is 1248 nucleotide pairs, located in the subfragment 
dhMiF2A (positions 1232 - 2479) (Figs. 1 and 3). As can be recognized in the 
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РІВ. 2. Complete nucleotide sequence of dhMiP2. The thick arrow below the 
sequence Indicates the position of a putative LTR region. Thin tandemly 
arranged arrows above the sequence mark tandem repeat c lusters. A conser­
ved polyadenylatlon signal Is boxed. ORFs including the putative reverse 
transcriptase and the DNA-bindlng 'finger' coding regions are given -with 
their amino acids. Termini of the reverse transcriptase amino acid sequence 
are marked with L-shaped arrowheads. The 'finger' motif is marked by a 
dotted line above the amino acid sequence. Uncertainties in the sequence 
are marked using the notitlon of Staden (1982b) 
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РІВ. 3. Complete nucleotide sequence of dhMlFS. The thick arrow belo-w the 
sequence Indicates the posit ion of the putative LTR copy. Thin tandem!у 
arranged arrows above the sequence mark tandem repeat clusters. Thin 
arrows belo-w the sequence mark the Imperfect duplication discussed In the 
text . A conserved polyadenylatlon signal is boxed. Uncertainties In the 
sequence are marked by the not It io η of Staden (1982b) 
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FlB. 6. Comparison of the amino acids of the putative reverse transcriptase 
encoded by the copia-llke element 17.6 and by dhMlF2. L-shapcd arrowheads 
mark the reverse transcriptase (cf. Salgo e t al. 1984). Identical and chemi­
cally similar amino acids in both sequences are boxed. Gaps (indicated by 
dots) are Introduced t o maximize homology 
matrix (Fig. 4) this sequence segment is only in part present in dhMiFB. 
Additional smaller ORFs are present and will be discussed below. 
Comparison of dhMiF2 with DNA sequences of other organisms 
To determine whether sequence homology with other known DNAs exist we 
screened the EMBL genebank for homologies with dhMlF2. We found one 
major class of sequence homologies with DNA of retroviruses or retrovl-
rus-like sequences like TVMV (Tobacco vein mottling virus), TMV (Tobacco 
mosaic virus), CaMV (Cauliflower mosaic virus), the transposable element 
Ту of yeast and the copia-like element 77.6 of Drosophila. All these genetic 
elements are considered as related to retroviruses because of their poten­
tial to undergo transpositions with the aid of reverse transcriptase which 
is encoded within their DNA. 
Since the cop/a-like element 17.6 of D. melanogaster can be assumed to 
represent the evolutionarily most closely related DNA sequence we com­
pared it in detail with dhMlF2 (Fig. 5). The strongest homology is located 
in the region of the longest ORF of dhMiF2 (positions 1232 - 2479). In Í7.6 
it represents the DNA section coding for a reverse transcriptase-like pro-
tein (Salgo et al. 1984). 
If the amino acid sequences of those two DNA sequences of dhMiF2 
and І7.6 encoding the putative reverse transcriptases are compared, one 
finds that approximately half of the amino acids are identical or chemically 
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equivalent (Fig. 6). These homologies extend to other retroviral reverse 
transcriptases (Toh et al. 1983, 1985; Saigo et al. 1984; Boeke et al. 1985; 
Mount and Rubin 1985; Fawcett et al. 1986; Loeb et al. 1986; Fanning and 
Singer 1987; Klmmel et al. 1987; Schwarz-Sommer et al. 1987) and they 
involve regions of the enzyme which have been identified as highly conserved 
throughout evolution (Toh et al. 1983, 1985; Patarca and Heseltine 1984). 
Other conserved stractaral sequence elements 
These results suggest the presence of a transposable element within the 
dhMlF2 DNA fragment. Hence, other structural components typical of 
transposable elements can be expected in dhMlF2. Since the copJa-like 
element /7.6 is characterized by the presence of long terminal direct repeats 
(LTRs) we searched for such sequence elements in dhMiF2 and dhMiFS. 
Within dhMlF2 a LTR-like repeat Is not present. However, a comparison 
with 17.6 shows that dhMlF2 maj^ be too short to accommodate both LTRs. 
The matrix comparison with dhMlFS sfiowed that dhMiF8 extends further 
towards a 3' direction if the regions of homology with dhMlF2 are matched 
(Fig. 4). Comparing the 5' end of dhMiF2 with the 3' end of dhMlF8 reveals 
regions of homology extending over more than 200 nucleotide pairs (posi­
tions 1 - 218 in dhMiF2 and positions 3450 - 3670 in dhMiFS) (Fig. 7) with a 
degree of homology higher than 70%. These regions may represent Opposite' 
LTR-like elements. 
LTRs are characterized by several sequence elements such as promoters 
of transcription and polyadenylation signals. We cannot detect such sequen­
ce elements within the 200 nucleotide pairs which are considered to repre­
sent opposite LTRs. However, it cannot be excluded that the actual length 
of the LTRs exceed this size. An argument in favour of this is a polyadeny­
lation signal found upstream of the 200 nucleotide pairs segment in 
10 20 30 40 50 60 70 BO 90 
dhHiF2 HATTCCWTTTC... АТСАТАСТАЙАААЙТЙТТ6САТСАБСС6СТААТТ6С6СССТВАТТ66ТССТТТ.... BCATTTT. 6TC6CTTTAA6AA6TTCC 
t It It tilt ttltttt lltttt lit t III till I II U t titilli tl lit I lilt tl 
dhHiFB 6T6TT6.TA6TTTC6CAATCATAC6...AAATATCTA6TCATCTT.TAA Т6АТ.6СТСТТТТ66ТА6САТТТТТВТАБСТАВАС6АА6ААСС 
34Ь0 3470 34В0 3490 3500 3510 3520 3530 
100 110 120 130 140 150 160 170 180 
dhHiF2 БТТ.АТАВСБСВАСЕАСАВСВТТБТ АБТБТ6БТТСББТБС6АВБСАБА6АААСЕАААА,ББСБВТБАБТ,..ТСА.АСТТТБААТСБАБААЕССТ 
III t I III I Ititi Ulli It llttllttlt ttllttt Ulti II t u u III ι tuit t t III 
dhfliFB БТТБААСБАСсдідСААБААБТТБТСБССБАБТБТАБТАСББТБСБАББТАБАБАААТБАААААББАСБАБАБТСАБТСАТААТТТБАБТТТССТА.ССТ 
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dMiF2 БС.бСАТСБАААСТСБСТБСБСТАТТАБАБССАТВБААААТАСТААСБАСБСТССААСАТСАБААБТБББАТСАБСАССАССТССТБСАТТСТСАБАББА 
Ititi U t II Itltltt t u t Util! t i l I I t i l 
dhMiFB AAT6CATCAAAATTCACT6C6CTTTTAAAA..AT66AATTTTTTTAATTTTTTTTTTTCT6TTTTTATTT6TAATCT6TCTTATACTA6ACAAATTTTTT 
3640 3650 3660 3670 3660 3690 3700 3710 3720 3730 
Pig. 7. C o m p a r i s o n of t h e n a c l e o t l d e sequences of t h e putat ive LTR region 
of dhMlP2 a n d dhMiFS. G a p s (indicated by dots) a r e i n t r o d u c e d t o Increase 
homology . N a m b e r l n g is a c c o r d i n g t o t h e s e q u e n c e s sho-wn in Figures 2 a n d 3 
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dhMlFB In positions 3215 - 3220 (Figs. 1 and 3). The distance from the 24 
bp repeat is the same as the distance of such a polyadenylation signal in 
the 3' region of dhMlF2 (positions 4492 - 4497) (Figs. 1 and 2). 
However, other types of transposable genetic elements do not carry 
LTRs at their ends. Their nature as retrotransposons is deduced from their 
sequence information since they also code for reverse transcriptase-like 
proteins. Such genetic elements like the mammalian LINEs (Fanning and 
Singer 1967), the DrosophJla I-factor (Fawcett et al. 1986) and the Ingi-3 
element of Trypanosoma (Rimmel et al. 1987) lack terminal repeats but, In 
addition to putative polyadenylation signals, possess an ollgo(dA) track or 
at least dA-rich regions at their 3' ends. This organization resembles that 
of processed pseudogenes (see Rogers 1985). For dhMiF2 and dhMlFB we 
cannot find any sequence homologies downstream of the putative polyade­
nylation signals. An unequivocal definition of the termini of the dhMlF2 
sequence family members must therefore await additional sequence infor­
mation in the regions flanking our cloned DNA segments. 
Transcriptional expression of the dhMiF2 sequence family 
Since the dhMlF2 DNA sequence was recovered by microdissection of a 
transcriptionally active chromosome region in primary spermatocytes it Is 
expected that it reacts with testis RNA. This can be proven by transcript 
in situ hybridization. We used the subcloned dhMiF2A fragment as probe. 
Homologous transcripts were identified In the lampbrush loops threads and 
pseudonucleolus (Fig. 8a, b). This agrees with the origin of the dhMlF2 
clone (we dissected the threads) and with the fact that the dhMlF2 -homolo­
gous sequences were discovered in the λ641 clone banks established by 
microcloning the pseudonucleolus (Huijser and Hennlg, chapter HI of this 
thesis). Both lampbrush loop pairs do thus contain DNA sequences homolo­
gous to the dhMiF2 sequence family. Transcripts homologous to dhMlF2A 
were also found In the cytoplasma of primary spermatocytes (Fig. 8 c, d). 
We also hybridized the subcloned EcoRI fragments dhMiF2A and dhMlF2B 
separately to blots of RNA from testis, females and male carcasses (Fig. 
9). With both probes we found a prominent reaction with testis RNA which, 
however, differs for both subclones. Fragment dhMlF2A hybridizes to an 
RNA species of 1.2 kb (Fig. 9a). Remarkably, the size of 1.2 kb agrees clo­
sely to the putative reverse transcriptase coding region In this restriction 
fragment, which has a 1248 nucleotide ORF (see Figs. 1 and 3). 
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Plg. 9. Hybridization of labelled 
dhMlF2A (a) and dhMlF2B (Ъ) 
t o tota l RNA Isolated from 
female flies, t e s t e s (t) and 
carcasses (I.e., males after 
dissection of the tes tes ) . Hindlll-
dlgested and denatured λ DNA 
was used as a mariner (on the 
left). The arrowhead marks the 
1,2 kb RNA species hybridizing 
with dhMiF2A 
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The fragment dhMiF2B hybridizes to RNA species of heterogeneous 
sizes (Fig. 9b). It hence resembles the transcription patterns characteristic 
of the y-speclfic DMA sequence type (Vogt et al. 1982). For such sequences 
only RNA species of heterogeneous sizes have been identified (Vogt et al. 
1982; Lifschytz et al. 1983). Although dhMiF2B does not belong to this 
class of Y chromosomal DNA sequences, it carries a (CA/GT)
n
 rich region 
at its 3' end. Such repeats have been demonstrated to be highly expressed 
in testes of Drosophila and their transcripts display a length heterogeneity 
comparable to that of dhMiF2B-homologous RNA (Huijser et al. 1987; chap­
ter V of this thesis). We, therefore, suppose that the RNA pattern seen 
with dhMiF2B as probe is mainly caused by the (CA/GT)
n
 repeats. 
Discussion 
Identification of a family of retrotransposons in a Y chromosomal gene 
In our previous studies we discovered that У chromosomal fertility genes 
are principally constructed from two classes of repetitive DNA sequences, 
a y-speclflc type and a У-assoclated type which shares homologies with 
other genomic locations (for a summary see Hennlg et al. 1987). The cha­
racter of the y-associated sequence type urged us to postulate that these 
sequences are transposable. However, this could so far not be proven by 
arguments derived from the DNA sequence itself. In this study we have 
shown that two of the У chromosomal DNA sequences obtained by micro-
cloning of an active fertility gene (Hennlg et al. 1983) belong to a class of 
repetitive DNA elements which in their sequence content and structure 
closely resemble Integrated forms of known retroviruses or retrovirus-llke 
elements. 
Retrotransposons appear to be universal genetic elements of the euka-
ryotic genome. They typically encode a reverse transcriptase-like protein 
and other genetic constituents found In retroviruses. A general property of 
retrotransposons, as of any other transposable genetic elements, is also a 
duplication of the insertion site sequence, which after an insertion flanks 
the transposon at both sites. Between the retrotransposons, two main 
classes can be distinguished on basis of the structural organization in their 
terminal regions. One class Is characterized by long terminal direct repeats 
(direct LTRs), equivalent in structure to the LTRs of provlral retroviruses. 
The other class lacks LTRs but Is instead characterized by an oligo(dA) se­
quence or a dA-rich region at the 3' end. Members of this second class of 
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retrotransposons may vary in length due to truncations at their 5' end. 
They therefore closely resemble the organization of processed pseudogenes 
(Rogers 1985). 
In Drosophila retrotransposons of the class carrying LTRs have been 
described as cop/a-like transposable elements (review: Finnegan 1985). DNA 
sequences homologous to copia are not represented in the D. hydei genome 
(Martin et al. 1983; P. Vogt, unpublished data). However, the comparison of 
the DNA sequences of dhMlF2 und dhMlFS with the DNA sequence of the 
cop/a-like element 17.6 revealed substantial structural similarities. The 
most obvious correlationshlp is the presence of a region with the potential 
to code for a reverse transcriptase-like protein. Although internal muta-
tions make it unlikely that transcripts of this DNA sequence in D. hydei 
can be translated into a functional protein, amino acids which have been 
identified as strongly conserved during evolution in a widely divergent 
range of organisms are also conserved within the putative D. hydei protein. 
It must, however, be reminded that the haploid genome of D. hydei carries 
approximately 30 copies of this repetitive sequence family (Hennig et al. 
1983). We do not have information, whether other copies carry a DNA 
sequence capable to be converted into a functional protein. 
The DNA sequence of dhMiF2 and dhMiFS are only partially overlap-
ping, and it is likely that both together represent the length of a full size 
member of the repetitive DNA family. This is strongly supported by the 
homologous DNA fragments recovered from the D. melanogaster genome, 
which will be reported in a separate publication (Lankenau et al., in prepa-
ration). From the sequence information obtained for dhMlF2 and dhMlF8 we 
can derive that this family of retrotransposons has LTRs of at least 200 bp 
(Fig. 7). Since the putative 5' LTR of dhMiF2 starts with the EcoRI restric-
tion site used for cloning, it cannot be excluded that the actual size of the 
suspected terminal regions of the transposable elements extends upstream 
of this 200 bp. 
A remarkable structural element in both dhMiF2 and dhMiFB is a 24 bp 
repeat cluster, which has also been found in the homologous DNA elements 
of D. melanogaster (Lankenau et al. in preparation). From its position 
upstream of the putative 3' LTR of dhMiF8 one would expect that the 3' 
LTR should also be present in the 3' region of dhMiF2. This Is not the 
case, but as is evident from Figures 1 and 2, this 24 bp repeat cluster has 
been duplicated within dhMlF2. This has probably caused a shift of the 3' 
LTR which is consequently expected in a position downstream of the 3' 
EcoRI site of dhMlF2 and therefore absent from this cloned insert. The 
functional relevance of the 24 bp repeat cluster is suggested by its evolu-
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tionary conservation between D. melanogaster and D. hydel. It has not been 
described for other retrotransposons, but may have functions related to 
the terminus of the transposable element. 
Besides the homology of the reverse transcriptase-!ike protein coding 
region, another sequence element typical for a variety of retrotransposons 
has been discovered in dhMlF2. Upstream of the reverse transcriptase-llke 
protein coding region, a 405 bp ORF (position 646 - 1250) (Fig. 2) Is loca­
ted. Part of its derived amino acid sequence displays homology to the 
consensus sequence C-X2-C-X3-GH-X4-C (Fig. 10). In the retrovirus ge­
nome this motif is encoded by the much longer gag region upstream of the 
poi gene coding for the reverse transcriptase complex. However, this short 
consensus sequence is cleaved off as part of a small peptide from the gag 
polypeptide in retroviruses (Corey 1986) and it has been designated as a DNA 
binding "finger" because of Its capacity to bind to DNA (Miller et al. 1985). 
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Ріщ. 10. Comparison of the amino 
acid séquences of the DNA-Ып-
dlng 'finger' domains from varióos 
organisms. RSV: Rous sarcoma 
virus (Schwartz e t al. 1983); HTLV-I: 
Human T-cell lymphoma virus 
(Selkl e t al. 19Θ3); Mo-MuLV: 
Moloney murine leukemia virus 
(Shlnnlck e t al. 1981); CaMV: 
Cauliflower Mosaic Virus (Franck 
e t al. 1980); I-faotor (Fawoett e t 
al. 1986); Fw-element (DlNocera 
and Casari 1987); dhMlF2: this 
paper. Cysteine and histidine resi­
dues are boxed. Note the conser­
ved glycine In front of the histi­
dine 
Equivalent "finger" domains are not generally present in retrotranspo­
sons since this motif is not found in cop/a-like elements. But in Drosophila 
it has been found as part of the I-factor and of F elements. A "finger" 
motif has also been discovered in non-viral retrotransposons lacking LTRs, 
where it has been conserved with respect to a location downstream of the 
reverse transcriptase-llke protein coding region (cf. Schwarz-Sommer et al. 
1987). In this alternative position the length of the "finger", i.e. the number 
of amino acids between the second cysteine and the histidine residue, is 
generally larger than found in the gag region of retroviruses, retroid viru­
ses and dhMiF2 (cf. Schwarz-Sommer et al. 1987). 
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Expression of the dhMiFZ family of repeated DNA sequences 
Transcript in situ hybridization with the DNA fragment including the re­
verse transcriptase-like protein coding sequence to primary spermatocyte 
nuclei confirmed that this DMA sequence is represented In transcripts of 
the lampbrush loop threads. This lampbrush loop pair was microdissected 
and yielded the DNA fragments dhMiF2 and dhMlF8 after microclonlng 
(Hennlg et al. 1983). By In situ hybridization also the lampbrush loop pair 
pseudonucleolus was labelled indicating the presence of transcripts with 
homology to dhMlF2A in this fertility gene. This observation confirms the 
results of our screening microclones from pseudonucleoli with the dhMiFZA 
probe (chapter III of this thesis). We recovered several cloned DNA frag­
ments with homology to dhMiF2. These data are consistent with other 
results which Indicate that the two lampbrush loop pairs threads and 
pseudonucleolus share members of the same families of repeated DNA 
sequences (chapter III and VI of this thesis). A correlation to this situation 
may be the complex genetic interrelationship between the fertility gene loci 
A - С corresponding to the lampbrush loop pairs threads, cones and pseu­
donucleolus (see Hennlg 1985; Hackstein et al., in preparation). 
In Miller spreading experiments It has been noticed that between the 
giant transcripts of the pseudonucleolus small transcripts are Interspersed 
which have been considered as Indications for secondary Initiation sites 
within this lampbrush loop (de Loos et al. 1984). It is tempting to specu­
late that these smaller transcripts are Initiated at the promoter regions 
within LTRs of transposable elements residing in this loop. 
Transcripts with homology to the dhMiF2 family of repeated DNA se­
quences represent a prevalent RNA fraction in testis. By the fragment 
dhMlF2A encoding the putative reverse transcriptase-like protein RNA 
species of a size equivalent to the length of the coding sequence of this 
polypeptide were identified. A first question regarding this RNA Is whether 
it Is derived from the Y chromosomal copies of the dhMlF2 family of 
repeated DNA sequences or from other genomic positions. A definite ans­
wer to this questions cannot be given. However, we assume that part of 
this RNA may be of У chromosomal origin since the Y chromosomal copies 
are expressed with a high transcriptional activity as in situ hybridization 
has shown. This does not prove that the Y chromosomal transcripts are 
indeed spliced and transferred into the cytoplasm. Our approaches to 
stimulate in vitro protein synthesizing systems with this RNA, isolated by 
hybrid selection, have not been successful although correct translation 
products of β-tubulin isolated In parallel from the same testis RNA prepa­
ration were obtained (B. Hennlg, W. Hennlg, P. Huljser, R.C. Brand, unpub-
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llshed data). We cannot decide whether any functional coding sequence for 
the reverse transcriptase-like protein exists in the D. hydei genome, al­
though this appears likely. The proportion of RNA derived from such a 
functional copy may, nevertheless, be small compared to other non-trans­
latable copies and hence not be detected in our assay. Irrespective of this, 
also purified copia RNA is translated with a low efficiency in vitro (see 
Finnegan 19B5, for references). 
Arguments in favour of the presence of functional copies of the re­
verse transcriptase-like protein are derived from our studies of the loca­
tion of members of the dhMlF2 family of repeated DNA sequences In rela­
ted species, such as D. neohydei and D. eohydei (Hennlg et al. 1983 and 
unpublished data). In these species the genomic positions of members of 
this sequence family outside the Y chromosome differs fundamentally 
from D. hydei and from one species to the other. This can only be expla­
ined by transpositions of members of this family of repeated DNA sequen­
ces during evolution since otherwise the polytene banding patterns are 
entirely conserved between the three species (I. Hennig 1978). 
The intense testis-specific expression of the dhMiFZ family of repeated 
DNA sequences merits particular attention. For the DNA copies of this 
sequence family which are located on the У chromosome the expression is 
not unexpected since it is well established that transcriptional activity of 
the У chromosome of Drosophila is required during spermatogenesis. Whet­
her other genomic copies are transcriptionally active in testes is unknown, 
although it seems likely. In the context of our knowledge on other trans-
posable elements this is even probable. Transposable elements have been 
demonstrated to cause mutations in cases where they are transcriptionally 
active in the germ line and are induced to undergo transpositions (Flnnegan 
1985 and Rubin et al. 1985). By Schwarz-Sommer et al. (1985) it has been 
proposed that activity In transposition is an important evolutionary role of 
transposable elements since they are able to generate variability in protein 
coding regions on basis of their excision mechanism. In addition, transpo­
sable elements may become Involved In the regulation of transcriptional 
activity of genes belonging to a common developmental pathway (Schwarz-
Sommer and Saedler 1987). Such arguments fit well to our preposition that 
transposable sequences are important constituents of the У chromosomal 
fertility genes of Drosophila (Vogt et al. 1986; Hennig et al. 1987). We 
suppose that the У chromosomal transcripts of the dhMlF2 family of 
repeated DNA sequences and other DNA elements of similar nature are 
important for interactions with their family members outside the У chro­
mosome. 
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The identification of dhMiF2 as member of a family of retrotranspo-
sons confirmed and substantiated our earlier conclusions on the molecular 
structure and evolution of the У chromosomal lampbrush loops of Droso-
phila (summarized by Hennig et al. 1987 and Hennig 1987). Future studies 
will have to explain the biological role of the transposable elements within 
the У chromosomal fertility genes. 
Aoknowledgement. W e like t o t h a n k Dr. Zs . Sohwarz-Sommer for her 
s u p p o r t In s c r e e n i n g t h e EMBL genebank 
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Chapter IX 
General discussion 

The technique of microcloning 
The dissection of chromosomes or parts thereof under microscopic control 
and subsequent purification and cloning of the chromosomal DNA by mole-
cular cloning techniques proved to be a technique useful to apply for 
polytene chromosomes and mitotic chromosomes (Scalenghe et al. 1981; 
Röhme et al. 1984). This technique could also successfully be applied to 
the Isolation of DNA sequences from the У chromosomal lampbrush loops 
in primary spermatocyte nuclei of D. hydei as has been described in this 
thesis (Hennlg et al. 1983; chapters II and III of this thesis). It had to be 
modified slightly according to the especially unfavourable conditions of 
this chromosomal material which consists of very small amounts of DNA 
(Kremer et al. 1976) but contains a large excess of RNA and proteins. 
The difficult cytological morphology of spermatocyte nuclei raises the 
question on the reliability of the microdissection. It is definitely impossible 
to Judge, under the very low optical conditions within the oil chamber, 
whether Y chromosomal material is in contact with other chromosomal 
material. On the other hand, the surrounding of the Y chromosomal lamp-
brush loops is, because of their large volume, usually free of autosomal 
and X chromosomal material, as the studies of the nuclear morphology 
with the fluorescent dye DAPI emphasize (see Kremer et al. 1986). Conta­
mination of one type of lampbrush loop with another loop can, for a large 
part, be avoided by using suitable deficiencies of the У chromosome. Under 
these conditions, the reliability on the precision of the microdissection is 
suffiently high to allow the application of this method with good confi­
dence. This can be derived from several Unes of evidence regarding the 
chromosomal origin of the recombinant DNA clones obtained In this way. 
By in situ hybridization we found that the clones investigated always hybri­
dize to the region of the У chromosome where the loop dissected under 
microscopic control Is located. Even more, the recovered DNA sequences 
were shown to be homologous to transcripts in the respective lampbrush 
loops. The widespread distribution of members of the different families of 
repeated DNA sequences which we obtained could lead to the supposition 
that accidentally one might dissect autosomal chromosome regions with 
the respective DNA fragments. In view of the restricted number of copies 
of these sequence families (between 10 and SO) such an argument is not 
easily acceptable. One would then, moreover, expect that homologies to 
other regions of the У chromosome would be seen in in situ hybridization 
experiments rather than the consistent reaction with the region of the 
General discussion 141 
Isolated lampbrnsh loops. Thns, the accuracy of the mlcroclonlng method 
most be considered as sufficiently high to permit its unrestricted applica­
tion to the problem of isolating У chromosomal DNA sequences. 
The recovery of У chromosomal DNA sequences by microdissection has 
some important advantages compared to other methods employed such as 
differential screening of genomic recombinant DNA librarles by qualitative 
(Llfschytz 1979; Lifschytz et al. 1983) or semiquantitative methods (Vogt et 
al. 1982; Vogt and Hennig 1983) or by DMA enrichment by selective hybridi­
zation at high c 0 t values (Awgulewltsch and Bünemann 1986). These me-
thods have without doubt been successfully applied, but they have the 
serious shortcoming that -probably- the majority of the lampbrush loop 
DNA sequences is not easily or not at all identified since these methods 
are based on a unique qualitative character of У chromosomal DNA or on 
detecting a substantial excess of У chromosomal family members in com­
paring the hybridization reaction between both sexes. By mlcroclonlng this 
problem is not relevant although the prove of а У chromosomal origin of a 
particular mlcrocloned DNA sequence may still be a problem for Itself. 
Also mlcroclonlng has certain limitations. The amount of material 
available is not a critical point in this respect since we have always suc­
ceeded to recover a larger number of clones than could be studied in 
detail. However, the specific requirements of the mlcroclonlng procedure as 
high activities of the restriction enzyme in small volumes are not easy to 
meet and until now only two enzymes, EcoRI and Hlndlll have been applied 
successfully. As a consequence, one must envisage a strong selection 
against certain parts of the У chromosomal DNA since It is now evident 
that this chromosome carries families of repeated DNA sequences with 
their members being at least locally in tandem arrangements. Simple se­
quences will therefore be devoid of restriction sites suitable for mlcroclo­
nlng. A similar problem arises, however, for convential cloning procedures, 
since usually also here only a limited number of restriction enzymes are 
used for constructing genomic libraries. Investigations on У chromosomal 
DNA have hence rather special requirements. To allow a complete Investig­
ation it will therefore be essential to combine the various methods. 
DNA sequences recovered by microcloning and their genomic distribution 
The results of the general analysis on the genomic distribution of DNA 
fragments recovered by microcloning are described in chapters II and III of 
this thesis. They agree with earlier conclusions in showing that У chromo­
somal DNA consists for a considerable proportion of sequences of the 
y-associated class, i.e. sequences which are members of repetitive sequence 
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familles with a widespread distribution throughout the genome. This holds 
true for both lampbrush loops studied in our present experiments, the 
threads and the pseudonucleolus, as well as for the lampbrush loop stu­
died earlier in our laboratory, the nooses (Vogt and Hennlg 1986a, b). The 
only y-speclfic sequence type isolated by microcloning is the rally family, 
discussed in detail in chapter VI. Although the evolutionary origin of this 
DNA sequence is not necessarily У chromosomal since it is derived from 
a section of the 26S rRNA it has, in the course of its history, developed 
Into a repetitive DNA family which Is In Its specific character exclusively 
found on the У chromosome. Very probably, other families of repeated 
DNA sequences of the У-specific type may have developed from other DNA 
sequences of any genomic origin as well. It Is Important to note in this 
context that all У-specific sequence families share consistently a number 
of features, such as the arrangement in tandem blocks of variable length, a 
relatively short basic unit lenght (a few hundred base pairs) and a relati­
vely high copy number (1000 to 2000 copies). Moreover, so far they appear 
to be specific for a distinct region of the У chromosome and they are as 
transcripts represented in a heterogeneous size distribution. 
y-assoclated DNA sequences are, in contrast, usually represented by 
families of relatively small copy numbers (between 5 and 50 per haploid 
genome) and they display a higher sequence complexity than У-specific 
DNA sequences, their single copies extending over several kb in length. 
These family members are usually distributed all over the genome, al­
though they seem to appear preferentially located In heterochromatic 
chromosome regions. These characteristic features, together with unpubli­
shed data on their chromosomal location in different strains and species, 
obtained in our laboratory, and the data reported in chapter VIII of this 
thesis are compatible with their supposed nature as transposable elements. 
An exceptional situation in comparison with the sequences described so 
far may be given for the simple (CA/GT)
n
 repeats discovered in the clone 
dhMlFl and Its cross-hybridizing relatives (chapters IV and V). Stretches of 
simple repetitive sequences such as alternating dinucleotides are probably 
the result of 'slippage' of the DNA polymerase during replication or in the 
course of repair processes (Strelsinger et al. 1966). The evolutionary origin 
of such DNA sequences may therefore be different from that of the other 
DNA sequences and there is no evidence for a relationship of the respective 
cloned fragments except for their common feature of carrying (CA/GT)
n 
repeats. Besides, the У chromosome must be equipped with a larger cluster 
of (CA/GT)
n
 repeats as Is Indicated by the strong in situ hybridization 
signal obtained with synthetic (CA)
n
 (see chapters IV and V). 
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Evolution of Y chromosomal DNA séquences 
Earlier studies of the Y-associated class of DNA sequences Induced us to 
postulate a nomadic character of this type of Y chromosomal DNA (see 
Hennlg et al. 1987). This was supported by cytogenetic studies which revea-
led the transposable character of the w m o Co element which preferential-
ly inserts into the distal part of the Y chromosome of D. hydei (Hackstein 
et al. 1987b). The strongest evidence in support of the transposable charac-
ter of y-associated DNA sequences has been provided in this thesis by the 
identification of the separate IVS elements in the Y chromosome (chapter 
VII) and by the discovery of a retrotransposon-like family of repeated DNA 
sequences represented by dhMlF2 and its related clones (chapter VIII). The 
validity of our interpretation of this class of Y chromosomal DNA sequen-
ces can no longer be doubted. 
It Is not impossible that a direct connection exists between both clas-
ses of Y chromosomal DNA sequences. This idea is suggested by the pro-
perties of the rally sequence family (chapter VI). The first member of this 
DNA sequence family was probably created by the action of a reverse 
transcriptase relatively recently in evolution since a related family of re-
peated DNA sequences Is not present in so closely related Drosophlla 
species as D. neohydei and D. eohydei. This DNA sequence may have been 
created as reverse transcript of a part of the 26S rRNA primed by a tRNA 
(see chapter VI). After insertion into the Y chromosome this sequence or 
part of it has undergone amplification leading to the tandem organization 
seen today. We think that sequence divergence may be enhanced by succes-
sive steps of amplification which creates clusters of sequences different 
from the original sequence. This process emphasizes in which way an origi-
nally y-associated DNA sequence may become converted into a У-specific 
DNA cluster. 
The comparative study of several У chromosomal DNA sequences wi­
thin the genus Drosophlla has shown that У chromosomal DNA evolves 
rather rapidly and is not particularly well conserved in evolution (Vogt et 
al. 1986; Hareven et al. 1986; Huijser and Hennig 1987, chapter VI). This can 
be understood on basis of our model assuming that У chromosomal DNA 
evolve by the combined mechanisms of transposition and amplification. The 
fast evolution of У chromosomal DNA may be of fundamental biological 
relevance with respect to speciation. 
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Molecular stmctore of the lampbrnsh loops 
Based on the molecular data available on the loop nooses (Vogt and Hen-
nig 1986a, b) it was possible to draw a model of its molecular organization 
(see Hennlg 1987). The data presented in this thesis on the DNA sequences 
from the loops threads and psendonucleolus may fit well into this model. 
The main constituents are the same. У-associated as well as Y-specific 
sequences are found to be transcribed in both the loops threads and pseu-
donucleolus. Unfortunately the recovered recombinants give no detailed 
information on their relative distribution in the loop DNA axis. 
As for the loop nooses, Miller spreadings of the transcripts of the 
loops threads and pseudonucleolus demonstrate a high secondary structure 
(Grond et al. 1983; De Loos et al. 1984) and should reflect the loop DNA 
organization. From the sequence data it is to be expected that especially the 
y-specific sequences with their inverted sequences contribute to the com­
plex "stem-loop" structure in the nooses transcripts (Vogt and Hennig 
1986a). The same capacity is found in the rally sequence family (chapter 
VI). The У-associated sequences have generally higher sequence complexi­
ties. However, due to their nomadic character insertion in different orienta­
tions on different sites in the loopforming DNA may contribute to the 
secondary structure. It is interesting to notice that the transcripts of the 
threads show a bipartite organization with respect to their secondary 
structure. The 5' end is almost free of foldback structures whereas more 
downstream a highly secondary structure is found. The in transcript in situ 
hybridization observed label distribution with the rally sequence as a probe, 
suggests that this sequence family is primarily located in the distal region 
of the threads, responsible for the highly secondary structure of its tran­
scripts (chapters III and VI). The more or less uniform labelling of the 
threads by dhMiF2A (chapter VIII) suggests this sequence to be present in 
a more proximal part of the loop. However such an unequal distribution of 
y-specific and У-associated sequences may be unique to the threads. In 
other loops both sequences probably occur interspersed. 
An additional aspect from the parallel study of DNA sequences from 
the loops threads and pseudonucleolus is that different loops with clear 
different morphology may share the same sequences. 
У chromosomal DNA and function of the lampbrnsh loops 
The large proportion of У-associated DNA sequences within the lampbrush 
loops and the preposition that many of these sequences have been inserted 
into the fertility genes by transposition might in the first instance suggest 
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that the function of these transcription nnlts is relatively insensitive against 
mutations, in particular insertions. However, there must clearly be con­
straints concerning the nature of inserted DNA sequences since they obvi­
ously must permit an unhindered transcription. Transposable elements with 
the character of retrotransposons may easily meet this requirement since 
their insertion is principally connected with the production of a full 
length RNA molecule. The two sequences investigated in this thesis in 
detail, the rally sequence (chapter VI) and the dhMiF2 retrotransposon 
family (chapter VIII) are fully compatible with this idea. 
Apart from the dhMlF2 sequence family we have no evidence for pro­
tein coding DNA sequences within the У chromosomal lampbrush loops 
(see Hennig 1967). All DNA sequences studied so far have no obvious co­
ding capacities for proteins (Vogt and Hennig 1986a, b; Hareven et al. 1986; 
Huijser and Hennig 1987; Huijser et al. 1987; this thesis). But even for the 
dhMlF2 clone a translation of the transcripts will probably provide no 
functional protein and it is an open question whether any У chromosomal 
copy of this sequence family codes for a functional protein. 
The absence of protein coding functions in the Y chromosomal DNA 
makes It reasonable to consider different biological functions of the Y 
chromosomal transcripts. The rapid evolutionary alteration of Y chromoso­
mal DNA may have to be taken into account in this context. 
A first possibility to account for the function of У chromosomal tran­
scripts is to assume an interaction with other genetic loci elsewhere in the 
genome. This interaction could be based on the DNA sequence homologies 
which are typical for a large part of the У chromosomal DNA. A situation 
which may be based on such interactions has been described for an X 
chromosomal locus of D. melaoogaster, the Stellate locus (Lovett 1983). 
This X chromosomal locus displays DNA sequence homology with a region 
in the У chromosome between the fertility genes kl2 and kl3 (Llvak 1984). 
In the presence of the У chromosome the X chromosomal locus displays a 
reduced transcriptonal activity. The mechanism of this interaction is un­
known. However, for the transcripts of the fertility genes in D. hydei one 
might think of two ways of interaction with other genomic loci. One possi­
bility Is the competition for specific factors required for the translation of 
messenger RNAs transcribed from the homologous autosomal sites, another 
that antlsense RNA synthesized in the У chromosome blocks translation, by 
hybrid formation, of the sense RNA produced in autosomal or X chromoso­
mal loci. Such modes of activity may also be Important with the prevention 
of transposition of sequences belonging to the У-associated DNA sequence 
class. 
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It might be difficult to accept that inhibition of transpositions could 
be considered as an important task of male fertility genes essential to 
support the development of the germ cell. However, recently a role of 
transposable elements in coordinate gene regulation has been discussed by 
Schwarz-Sommer and Saedler (1987). These authors propose that trans-ac­
ting factors may interact with the members of a family of transposable 
elements and by this interaction influence the expression of genes in the 
vicinity of the transposable sequences. An example for an interaction of 
this type may be the suppressor of Hairy Wing {sn(Hw); Lewis 1949), a 
genetic element which probably acts on all mutations caused by an inser­
tion of the transposable element gypsy (Modelell et al. 1983). 
A second, alternative function of the У chromosomal lampbrush loops 
is the proposed binding of specific nuclear proteins. Arguments for such a 
function are derived from the observation that the maintenance of the loop 
specific morphology is essential for the undisturbed function of these 
genes (Hackstein et al. 1982). In addition, several molecular observations as 
loop-specificity of some of the loop proteins (Hulsebos et al. 1984; Glätzer 
1984; Kremer et al. 1986), the loop-specific and high degree of secondary 
structure of the transcripts as well as their length and their molecular 
composition (see Henni g et al. 1987) are also in support of such a function. 
Cytological evidence has shown that the complex process of chromatin 
rearrangement is disturbed in X/0 males (Kremer, unpublished data; see 
also Kremer et al. 1986). The specific properties of the loops would be 
responsible for the binding of specific chromosomal proteins to accumulate 
them within the nuclear compartment. 
Our observation that the protein bodies in spermatid nuclei specifically 
Interact with the transcripts of the (CA/GT),, repeats (chapter V) may be 
relevant In the context of this model. In this case, the primary sequence of 
the RNA may be the important parameter for selecting particular protein 
binding domains. An alternative kind of sequence interaction may be consi-
dered for the rally sequence family (chapter VI). The rally sequence has a 
potential for secondary structure which is probably required to bind the L6 
ribosomal protein in the prokaryote ribosome. Within the Y chromosomal 
transcripts this sequence may therefore also function by means of its 
secondary structure. However, we do not want to suggest that a ribosomal 
protein is bound within the lampbrush loop. Even the potential binding site 
used in the rally sequence may be entirely different from the L6 binding 
site found for bacterial ribosomes. 
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Fina/ conclusions 
The molecular analysis of У chromosomal DNA sequences has, not only in 
Drosophila but for example also in humans, created serious problems 
since it is mostly or entirely composed of repetitive DNA sequences. Repe­
titive DNA, on the other hand, Is difficult to analyse. Additional complica­
tions arise in case of the Y chromosomal fertility genes of Drosophila 
because an Important proportion of their DNA belongs to different families 
of repeated DNA sequences with their members distributed all over the ge­
nome. This creates not only the problem to identify those sequence family 
members situated on the Y chromosome but makes it extremely laboreóos 
to identify the respective families of repeated DNA sequences as being 
represented on the Y chromosome. The possibility to carry out mlcroclo-
ning is therefore an Important technical step towards the analysis of this 
complex part of the genome as is amply documented by the character of 
sequences studied in this thesis. 
The data presented in this thesis are not sufficient to draw definite 
conclusions on the function(s) of the Y chromosomal fertility genes. Func-
tions considered as characteristic for genes such as protein coding or 
coding for known species of RNA related to translation, are either not 
present or highly obscured by the unusual organization of these genes. 
Nevertheless, as discussed above, alternative functions may be related to 
protein accumulation or interactions with sites elsewhere In the genome via 
sequence homologies. The recovered Y chromosomal lampbrush DNA can be 
exploited to study these possibilities. It might be expected that they reveal 
new aspects of functional mechanisms used by eukaryotic genes to realize 
developmental pathways. 
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SUMMARY 
In this thesis DNA sequences obtained from the У chromosomal fertility 
genes of Drosophila are studied with respect to their genomic and struc­
tural organization mainly to get Insight in their function. The Y chromo­
somal fertility genes in Drosophila play an important role in the develop­
mental process of spermatogenesis in a yet unknown way (chapter I). 
In the species Drosophila. hydei, the functional activity of these genes 
is accompanied by the development of characteristic lampbrush loop-like 
structures. These structures are formed by the aggregation of protein 
around a transcribed DNA axis. To initiate the elucidation of their function 
at the molecular level the loop structures known as "threads" and "pseu-
donucleolus" were dissected by micromanipulation and the extracted DNA 
was successfully cloned at the microscale as described in chapters II and 
III. Essentially three families of repeated DNA sequences were selected to 
be studied in more detail. The genomic distribution of their members was 
recorded by southern blot hybridization to genomic DNA and by in situ 
hybridization performed to polytene and mitotic metaphase chromosomes. 
Northern blot hybridization and transcript in situ hybridization were applied 
to study transcriptional activity. The molecular organization was analyzed 
by determination of the nucleotld sequences of the elements representing 
the different families. 
Members of a first sequence family shared the simple repeated se­
quence (CA/GT)
n
. Due to the widespread occurrence of this sequence in 
the genome, with the exception of heterochromatlc regions, the respective 
sequence family was identified as У-associated. A relatively increased 
amount of (CA/GT)
n
 was found on the X chromosome. A possible relation 
to the mechanism of dosage compensation acting specifically on X chromo­
somal genes and the phenomenon of position effect variegation is discus­
sed in chapter IV. An extremely large cluster of the respective simple 
sequence was found on the У chromosome. At least part of this cluster 
was found to be expressed in a strand specific manner as part of the loop 
pseudonucleus and its laterally associated structures known as the cones. 
A germ Une function of the strand-specific transcripts is discussed in 
chapter V. 
A second family of tandemly organized sequences displayed homology 
to part of the 26S rRNA coding DNA. The results from the detailed analy­
sis of this D. hydei specific sequence are indicative for the evolution of У 
chromosomal DNA (chapter VI). A family of putative transposable elements 
Summary 1S7 
inserting part of the X chromosomal rlbosomal RNA genes and possibly 
involved in the origin of the former rDNA related sequence family is stu­
died In chapter VII. Both sequences were found in the same region of the 
У chromosome outside the nucleolar organizer. 
The third sequence family was recovered from both dissected lamp-
brush loop pairs and proved to be closely related to genetic elements 
capable of RNA-medlated transposition. As demonstrated in chapter Vili, a 
putative protein encoded by members of this family displays important 
similarities to reverse transcriptases of retroviruses. 
In the final chapter (chapter IX) it is concluded that transposable 
elements visiting the Y chromosome played an important role In the fast 
evolution of its DNA sequences. The involvement of transposable element 
related sequences in the expression and function of the fertility genes is 
generally discussed. 
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SAMENVATTING 
In dit proefschrift wordt de studie van DNA uit de fertlliteitsgenen van het 
fruitvlieg je Drosophila beschreven. Het moleculair-genetisch onderzoek is 
uitgevoerd met het doel inzicht te verkrijgen in de nog onbegrepen wijze 
waarop deze genen de ontwikkeling van zaadcellen beïnvloeden (hoofdstuk 
I). 
De genetische activiteit van de Y-chromosomale fertlliteitsgenen leidt 
met name In de soort Drosophila hydei tot de vorming van opvallende 
structuren ("lampbrush loops"), die microscopisch zichtbaar zijn in de kern 
van primaire spermatocyten. Deze "loops" ontstaan door een opeenhoping 
van eiwitten rond een getranscribeerde DNA-as. Om een aanzet te geven tot 
de opheldering van de wijze waarop deze structuren op moleculair niveau 
functioneren, werden de als "threads" en "pseudonucleolus" bekend staande 
"loops" door middel van micromanipulatie gedissecteerd. De minieme hoe-
veelheid in deze "loops" aanwezig DNA kon met succes worden gedoneerd, 
zoals beschreven in de hoofdstukken II en III. 
Drie groepen van onderling verwante DNA-sequenties ("families") wer-
den geselecteerd voor een meer gedetailleerd onderzoek. Door toepassing 
van de In situ hybridisatle-technlek op polytene en metafase chromosomen 
kon de verdeling van deze DNA-sequenties in het genoom worden bepaald. 
De transcriptionele activiteit werd bestudeerd door hybride-vorming met 
geïsoleerd RNA zowel als met RNA in situ. Bepaling van de nucleotlde-volg-
orde van vertegenwoordigers van de verschillende "families" heeft inzicht 
verschaft In de moleculaire organisatie van de bestudeerde DNA-sequenties. 
Leden van een eerste groep verwante DNA-sequenties deelden alle de 
simpele en gerepeteerde sequentie (CA/GT),,. Deze sequentie wordt, met 
uitzondering van heterochromatische regio's, verspreid in het genoom ge-
vonden. Als gevolg hiervan laten de betrokken DNA-fragmenten zich als 
Y-geassocieerd identificeren. Een relatieve toename in de bijdrage aan 
(CA/GT),, werd vastgesteld In X-chromosomaal DNA. Een mogelijke relatie 
met het proces van dosiscompensatie, specifiek werkend op X-chromoso-
male genen, wordt besproken in hoofdstuk IV, evenals een verband met het 
verschijnsel van positie-effecten. 
Op het Y-chromosoom van D. hydei treft men een lokaal hoge concen-
tratie van (CA/GT)n aan. Tenminste een deel hiervan wordt "strand"-speci-
flek getranscribeerd In de "pseudonucleus loop" en in de ermee geasso-
cieerde structuren, de "cones". Een functie voor de "strand"-speclfieke 
transcripten wordt bediscussieerd in hoofdstuk V. 
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Een tweede sequentie-"familie" is uitsluitend te vinden op het Y-chro-
mosoom van D. hydei. De specifieke rangschikking van de verschillende 
leden van deze "familie", alsmede de verwantschap met een deel van het 
26S ribosomale RNA coderende DNA, geeft een Inzicht in de evolutionaire 
ontwikkeling van Y-chromosomaal DNA (hoofdstuk VI). 
DNA-elementen met een mogelijk mobiel karakter, die gevonden worden 
als interrupties in een deel van de X-chromosomale ribosomale RNA-genen, 
kunnen een rol hebben gespeeld In het ontstaan van bovenstaande tweede 
sequentie-"familie". Het voorkomen van deze elementen elders in het ge-
noom van D. hydei wordt beschreven in hoofdstak VII. Beide groepen se-
quenties laten zich in dezelfde regio van het Y -chromosoom, balten de 
ribosomale genen, aantonen. 
Sequenties die een derde "familie" vertegenwoordigen, werden verkregen 
alt beide gedissecteerde "loops". Een eiwit, mogelijk gecodeerd door leden 
van deze groep, vertoont een belangrijke mate van overeenkomst met het 
"reverse transcriptase" dat door retrovirussen geproduceerd wordt. Mede op 
grond van deze overeenkomst kan de derde groep sequenties geïdentifi-
ceerd worden als elementen die in staat zijn tot transpositie via RNA-inter-
medlairen. 
In hoofdstak IX wordt tenslotte geconcludeerd dat mobiele genetische 
elementen een belangrijk aandeel hebben in de snelle evolutie van Y-chro-
mosomale DNA-seqaenties. De rol welke mobiele elementen en daaraan 
gerelateerde sequenties mogelijk vervullen in de functie en expressie van de 
fertillteitsgenen wordt in een meer algemeen verband besproken. 
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STELLINGEN 
bij het proefschrift 
GENOMIC ORGANIZATION OF MICRODISSECTED 
Y-CHROMOSOMAL LAMPBRUSH LOOP DNA SEQUENCES 
OF DROSOPHILA HYDEI 
Peter Huljser 
1 
Microdissectie biedt een geschikt alternatief voor het gericht Isoleren van 
cytogenetlsch gedefinieerd chromosomaal DNA wanneer geen specifieke 
probes voorhanden zijn. 
Scalenghe. F, Tarro, E., Fdström, J.-E., Pirotta, V., Melli, M. (1981) Micro-
dissection and cloning of DNA from a specific region of Drosophila mela-
nogaster polytene chromosomes. Chromosome 82205-216. 
Dit proefschrift. 
2. 
Transpositie speelt een belangrijke rol In de evolutie van Y-chromosomale 
DNA-sequenties In Drosophila 
Dit proefschrift 
3. 
De aanwezigheid van een niet-getranscribeerd DNA-fragment In de Y-chro-
mosomale lampbrush loop clubs wordt door Hareven et al. (1986) niet 
experimenteel aangetoond. 
Hareven, D, Zuckerman, M, Lifschytz, E. 11986) Origin and evolation of 
the transenbed repeated sequences of the Y chromosome lampbrush loops 
of Drosophila hydel Proc Natl Лева Sci USA 83125-129 
4. 
De conclusie van Hawley en Tartof (1983), dat IVS type I bevattende rRNA-
genen in Drosophila melanogaster niet geclusterd voorkomen, wordt onvol­
doende door experimentele gegevens ondersteund. 
Hawley, R S, Tartof, К D (1983) The ribosomal DNA of Drosophila mela­
nogaster is organized differently from that of Drosophila hydei. J.Mol. 
Biol. 163 499 503. 
S 
De zwakke snlfoflavlne-fluorescentie van kernen in el ongerende sperma-
tlden, zoals waargenomen door Hauschteck-Jungen & Hart I (1982). doet 
vermoeden dat de somatische hlstonen gedurende dit stadium van de Sper­
miogenese van Drosophila gemodificeerd worden alvorens zij door testes-
speclfleke hlstonen worden vervangen. 
Hauschteck-Jungen, E, Hartl, DL (1982) Defective hlstone transition du-
nng spermiogenesis in heterozygous segregation distorter males of Droso­
phila melanogaster. Genetics 101-57-69. 
6 
Een uitspraak over de lengte van in sita gevormde en radloaktief gemar­
keerde hybriden op grond van de voor detectie benodigde exposietijd, zo­
als gedaan door Pardue et al (1964), Is weinig accuraat. 
Pardue, M.L , Nordhelm, A , Mo//er, A , Weiner, L M, Stollar, Β D, Rich, 
Α. (1984) Z-DNA and chromosome structnre In M D. Bennet, A. Gropp, U 
Wolf (eds ) Chromosomes Today vol. VIII. Allen Λ Unwln, Inc., Worche-
ster, MA, pp 34-45 
7 
Het algemeen voorkomen In eukaryoten van DNA-sequentles die coderen 
voor op viraal 'reverse transcriptase' gelijkende eiwitten, ondersteunt de 
gedachte dat 'reverse transcription' als enzymatische functie een belang­
rijke Invloed heeft op de evolutie van eukaryotische organismen 
Θ. 
Het gebruik van zogenaamd 'non-homoloog canier-DNA' In nuclelnezuur 
hybridisatie-expenmenten is overbodig 
9 
De eenvoud waarmee de biologische relevantie van een DNA-seqnentle kan 
worden aangetoond, neemt in het algemeen toe met de complexiteit van 
de sequentie 
10 
Sinds Inaba en zijn medewerkers van de Tohoku-universiteit in Japan heb­
ben aangetoond dat bloed van ernstig zieken alsmede dat van rokers meer 
licht afgeeft dan bloed van gezonde nlet-rokende personen Is het een twij­
felachtige eer geworden om als lichtend voorbeeld te worden gesteld 
Zie Nature 11986) News 324-203 
11. 
De door een bekende cosmetlca-fabrikant beloofde verjonging van de hu­
mane huid na behandeling met plantaardig DNA bevattende crèmes doet 
vermoeden dat hier sprake Is van een nieuwe recombinant DNA-techniek 
Rocher, Y 11987) In Het Groene Schoonheldsboek' 
12 
Bij het aanstellen van wetenschappelijke onderzoekers is het goed te be-
denken dat originaliteit vaak niet het gevolg is van ervaring maar juist van 
een gebrek hieraan. 



